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COMMENT 



Time to stop the space invaders 

CONCERN OVER the militarisation of space will not go away just because 
some people refuse to talk about it. The UN conference on the aplica- 
tions of resources beyond the Earth's atmosphere, Unispace, became 
bogged down at the beginning of the week over the refusal of the US, 
Britain and a number of other countries to allow any mention of "peaceful 
uses" of space to intrude into the proceedings. And yet this was a key issue 
that many countries were keen to discuss (see p 472). 

The extent of the militarisation of space is detailed in a new report from 
the WorldWatch Institute. In Space: The High Frontier in Perspective, 
Daniel Deudney estimates that military activities account for about three- 
quarters of the expenditure on space projects by both the US and USSR. 
Another way of measuring the militarisation of space is to look at the 
number of launches: one estimate is that in 1981 the USSR launched 858 
military and 392 civilian missions, while the US launched 420 military and 
327 civilian payloads. 

Deudney points to a number of consequences of the military domination 
of the US's space effort. "Maps of the Moon are better than those of the 
Earth because military authorities allow lunar orbiters to carry more 
advanced cameras than those on civilian spacecraft that orbit the Earth." On 
top of that: "In the potentially lucrative market for surveillance of broad 
areas of the Earth's surface, the French will have a satellite using sensors 
with roughly twice the resolution of American surveillance satellites. The 
advantage is not because of French technological innovation, but because the 
US military makes NASA use low-resolution sensors for fear of revealing 
secret technology." Then, of course, there is the massive investment by the 
US and USSR in miliary hardware. 

With this background, it is impossible for Unispace to ignore militarisation. 
And it does seem inevitable that the Anglo-American position will crumble 
under the massive pressure of just about every other delegation. It may be 
true, as the British claim, that the delegates at the meeting in Vienna are 
not equipped to discuss detailed military matters. That does not stop them 
from agreeing a general statement of concern along the lines supported by 
the Soviet Union and the developing countries. Then the way would be open 
for serious negotiations. It is an achievement to have a statement from the 
Soviet Union that we must reverse the trend towards the militarisation of 
space. It is all very well to be suspicious of Soviet motives, but if the US 
really does believe that space should be reserved for peaceful activities 
then it has to talk seriously. Unispace is a good place to begin the talking. □ 



Nuclear silly season 



THE EDITOR of The Milton Weekly Tribune, Harold C. Funk, does not like 
the power lines that cross his area on their way from two nuclear power 
stations operated by Ontario Hydro. His dislike arises from the fact that 
"No one has been able to tell me whether the electricity going into our 
homes is radioactive or contaminated." When someone from Ontario 
Hydro tried to convince Mr Funk that it matters not that the source of the 
electricity is nuclear, he failed. "At the end of the interview," said Mr Funk 
in The Milton Weekly Tribune, "he was unable to convince me that the fish 
in my frying pan was not contaminated principally because he was unable 
to advise me as to what electricity is. . . . They could very well learn in the 
years to come that electricity which comes from a nuclear reaction is 
contaminated. No one has yet been able to say what electricity is, or whether 
its components change as a result of its creation by nuclear reaction, gas, 
oil, coal or water." 

There are various reasons why nuclear power may be a less than perfect 
way of generating electricity. Those who oppose the plans to build a 
pressurised-water reactor at Sizewell in Suffolk will use most of the sensible 
objections in their fight (see p 491), but it is unlikely that they will resort to 
the fear of "contaminated electricity". Unfortunately, silliness like Mr Funk's 
— he also believes that "the Sun is 290 000 miles away" — leads some advocates 
of nuclear power to dismiss all opposition to their line. And there are those 
anti-nuclear campaigners who support everyone of like mind, no matter how 
daft their evidence. Either response is unfortunate. The only sensible reaction 
to arguments like Mr Funk's is to laugh. □ 
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National Park faces the scars of electricity scheme 



A PLAN TO DESECRATE 
part of tlie Peak Dis- 
trict Natiimal Park for 
a scheme to store dectridty 
will lead to a ftirions row 
yAnea details are puMisfaed 
tUs autumn. 

The Central Electricity Gen- 
erating Board (CEGB) wants 
to build a £500 million 
"pumped storage" power sta- 
tion in the heart of the park, 
starting later this decade. The 
idea is to "store" electricity 
by using off-peak power to 
pump water uphill to a high- 
level reservoir at night. Then 
in the daytime when demand 
for electricity is higher, the 
water will be released to cas- 
cade downhill through genera- 
ting turbines to the lower 

reservoir. Such schemes will 

be an integral part of any future devel- 
opment of nuclear power plants in Bri- 
tain. The proposed scheme would be in 
Longdendale, close to the High Peaks. 
Construction will involve: 

• Raising the level of existing reser- 
voirs in the dale (which supply water 
to the Greater Manchester area) by up 
to 40 metres and flooding part of the 
dale to create the lower reservoir. 

• Building a road for heavy lorries, 
which will climb 300 m from the village 
of Tintwistle in the valley floor to the 
top of Robinson's Moss, the remote, 
flat-topped moor which can at present 
be reached only on foot 

• Removing 1-5 million cu. m of peat 
from the top of Robinson's Moss to open 
up a 55 hectare hole, 20 m deep, for the 
upper storage reservoir. This massive 
operation would involve some 150 000 
lorry loads of peat trundling down the 
hillside. 

The whole project will cost some £500 
million, according to engineering con- 
sultants Binnie and Partners. If it goes 





Pumped storage cornea to the Peak DistrvA 



ahead, it would be one of the biggest 
civil engineering projects of the 1990s. 

The Peak Park Joint Planning Board 
has decided to oppose the plan outright 
as a "horrible scar in a very beautiful 
valley". Apart from the destruction ol 
Robinson's Moss and the arrival of over- 
head power lines in the park, the Peak 

Fred Peam 

board believes, "The main problem is 
the bottom reservoii' where there is go- 
ing to be a very big difl^erence in 'file 
level between night and day". 

In April, the ("oiincil tor Europe pre- 
sented the Peak board with its Euro- 
pean Diploma for Nature Conservation 
as one of Europe's best-protected areas. 
But the board was told that the diploma 
would not be renewed if the electricity 
scheme went ahead. 

A preliminary assessment of the en- 
vironmental impact of the project has 
been prepared by staff at the CEGB. 
The Peak board is pressing the CEGB 
to publish the report in full to encour- 
age public debate about the scheme. 
But the CEGB told New Scientist this 
week that it would only publish the con- 
clusions this autumn. Nonetheless, the 
Peak board will use the occasion to 
launch a major assault on the plan. 

The next step for the CEGB will be 
a technical assessment, involving a de- 
tailed geological survey of the site for 
the underground power station and the 
route of the tunnels that will link the 
two reservoirs. This assessment alone 
could cost £15 million. 

A further disruption to the Longden- 
dale Valley will be the raising of the 
nearby Torside reservoir by 5-8 m. This 
will compensate the North West Water 
Authority for loss of water from the 
Valehouse reservoir. It will be important 
for the CEGB to keep on the right side 
of the water authority, since it owns all 
the land on which the station and reser- 
voirs are to be built. 

According to the Peak board, the 
CEGB intends to get permission for the 



scheme through a Parliamen- 
tary BUI. This would probably 
go before ISPs in de early 
months of the next Parlia- 
ment 

Construction would take 10 
years, so the station woidd 
not jdn the national grid un- 
til almost the end of the cen- 
tury. It will complement the 
CEGB's first large pumped 
storage scheme at Dinorwic, 
North Wales, wUdi should 
come on stream next year. 

The Peak Park scheme will 
generate 1500 MW of electri- 
city for up to six hours — 
similar to the capacity of 
Dinmrwic Pumped storage 
sdiemes will be an increasing 
feature of the electricity in- 
dustry in the coming decades 
if nuclear power makes fur- 
ther inroads into the generating system. 

Nucleai power stations cannot econ- 
omically be turned on and off to meet 
changing demand for electricity at dif- 
ferent times of the day. Thus, if their 
combined capacity exceeds minimum 
night-lime demand it become economic 
to install storage schemes. 

The Peak District provides a rare op- 
portunity for pumped storage close to 
several highly-populated areas. 

(There are more people within 90 km 
of Longdendale than within 90 km of 
central London.) It gives maximum flexi- 
bility for the national grid. But the 
Peak board is adamant that there must 
be alternatives. Either a dilTerent site, 
outside the Park, should be chosen, or 
alternative storage methods — such as 
air pressure storage now under develop- 
ment by the CEGB's scientists — should 
be explored. 

As a recent bri<-fmg document from 
the Peak board noted, "If National Park 
status means anything, we should not be 
considering this sort of thing in a 
Natimaai Park". □ 

Satellite accord 

COUNTRIES from the Third World 
have won a guarantee from the in- 
dustrialised nations that they will have 
the right to inspect all data concern- 
ing their territories taken from remote 
sen.siiig satellites. 

The resolution at the Unispace con- 
ference in Vienna will have to bi- ap- 
proved by the UN Ceneral Assembly, 
but it will reduce the fears of develop- 
ing nations that operators of remote 
sensing satellites will pass on such data, 
without their consent, to others. 

The move came after pressure from 
Argentina. Britain at first resisted, say- 
ing that the guarantee could restrict 
access to remote sensing data. But 
delegates eventually climbed down as a 
gesture of cooperation. The satellites' 
present and future main operators — ^the 
US, the USSR, France and Japan— had 
nothing to say on the matter. □ 
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Scientists rusii to support European synciirotron 



UROPEAN SCIENTISTS 
planning a new source of 
synchrotron radiation for the 
late 1980s won a big boost for 
their efforts last week. It was 
reported that over 1000 
French and German re- 
searchers had come forward 
with experiments that could 
be performed only on such a 
machine. 

The figures came from 
a questionnaire circulated 
among European scientists by 
the European Science Founda- 
tion (ESF), whcih has super- 
vised the planning of the 
European Synchrotron Radia- 
tion Facility. Replies from 
Britain and Denmark are not 
yet complete. 

The scientific case for the 
machine was discussed at an 
international conference on X-ray and 
VUV synthrotron radiation instrumenta- 
tion held last week in Hamburg. Among 
the enthusiasts for the machine was 
Juan Bordas, a senior scientist at the 
European Molecular Biology Laboratory 
outstation at Hamburg. He presented a 
list of a dozen or so experiments in 
biology for which the new source would 
be essential. These include studies of the 
dynamics of conformational changes in 
biological molecules and how catalysed 
reactions occur in proteins. 

The ESF published a four-volume re- 
port in 1979. This describes a possible 
design for the facility and makes the 
scientific case for it. At that time, the 
cost of the machine was estimated at 93 
million (EEC) units of account (around 
£64 million). With further advances in 
technology being made by the day at 
laboratories around the world, the de- 
sign has been updated. 

The new version will incorporate 45 
magnetic devices, called "wigglers", to 
produce intense beams of X-rays of vari- 
ous wavelengths from a stored beam of 
energetic electrons circulating in a ring 




The synchrotron radiation source under construction at 
Daresbury 

900 m in circumference. Other magnetic 
devices will bring the total number of 
beam lines up to about 100. Between one 
and three experiments can be fed with 
X-rays from each beam Mne. The new 
design would cost about 10 per cent 
more than the original version (allowing 
for inflation since 1979). 

Ros Herman 

While the science and technology pro- 
gresses smoothly — aided by experience 
from the many sources just coming into 
service the Synchrotron Radiation 
Source at Daresbury for example — the 
politics of winning financial support from 
a number of European countries i.<! less 
straightforward. Only France is commit- 
ted to building a new synchrotron 
radiation source in the near future. 
Britain is non-commital because it has 
just built a source of its own which it 
cannot afford to fund properly. West 
Germany has also been less than en- 
thusiastic, preferring a high energy 
physics experiment called HERA, and a 
national source of neutrons. 
Rumour has it, though, that the 



climate of opinion in West 
Germany has changed recently, 
partly because of financial 
problems and partly through 
pressure from scientists who 
want access to a better source 
of synchrotron radiation than 
they already have. West Ger- 
many is, it is thought, pre- 
pared to consider a deal that 
would involve some foreign 
support for HERA in return 
for participation in a European 
synchrotron radiation project 
and a contribution to the 
spallation neutron source now 
under construction at the 
Rutherford Appleton Labora- 
tory in Britain. 

Many European scientists 
are worried about being left 
behind in the race for the 

— • interesting results to be 

gained. They are looking jealously to 
the US, where the Brookhaven National 
Laboratory at Upton, New York, leads 
the field with its brand new source. 
Already it is planning a new machine 
that will cost $60 million. 

Japan already has a source called the 
Photon Factory near Tokyo. This was 
built in double-quick time (2'2 years) 
and is due to start exi)eriments in 
October. Even China is now building a 
source, which is due for completion in 
1986. 

While scientists in disciplines ranging 
from geology to molecular biology have 
already proved the scientific worth of 
synchrotron radiation, the intere.st is 
about lo spread wider still. Already 
electronics companies are about to start 
experiments on using the intense X-ray 
beams to make integrated circuits. And 
doctors and physicists are combining 
their efforts to develop an improved 
method for detecting heart disease. It is 
not beyond the bounds of possibility that 
there will be a synchrotron radiation 
source in every major city by the year 
2000. □ 



Government 

ELI LILLY knew for months that 
Oraflex, as benoxaprofen is known 
in the US, was associated with adverse 
effects and deaths. Lilly won approval of 
Oraflex for distribution in the US on 19 
April. Since then, 17 articles or letters 
to the editor have appeared either in 
the British Medical Journal or the Lan- 
cet, about the dangers of Oraflex, accord- 
ing to the Washington-based Public 
Health Research Group. These articles 
reported 12 deaths, 23 cases of jaundice, 
and phototoxity (extreme sensitivity to 
sunlight) in all 14 patients studied for 
this adverse effect. With the ban on 
Opren (benoxaprofen's name in Britain), 
the company eventually withdrew the 
drug worldwide. But during the period 
after 19 April, Lilly aggressively mar- 
keted Oraflex. In just three weeks in 



agency failed to act over arthritis drug 

May, chemists in the US filled 64 000 
prescriptions. Lilly spokesmen point out 
that adverse side effects to the kidney 
and liver, and gastrointestinal ailments, 
are common to the non-steroidal anti- 
inflammatory drugs (NAIDs) of which 
Oraflex is but one of 10 approved for use. 

Sidney Wolfe, the director of the 
health research group, petitioned the 
US Food and Drug Administration on 
17 June to ban the drug. The FDA de- 
clined. Wolfe points out that the FDA, 
two years ago during a more cautious 
period, refused to approve Oraflex be- 
cause not enough was known about its 
side-effects. But the Reagan administra- 
tion is in the process of speeding up drug 
approvals, pushed by arguments from 
the drug industry that it is losing its 
competitive edge because of the long 



"drug lag" between development of a 
new drug and its ofldcial approval. 

The FDA has egg on its face over its 
handling of Lilly's data. Its officials have 
admitted that data on jaundice sub- 
mitted to it by Lilly researchers was mis- 
filed, and thus overlooked when an appli- 
cation for approval of Oraflex was still 
l>ending. Lilly's willingness to provide 
all the facts is also in doubt. The FDA 
has been investigating charges that Lilly, 
along with other drug companies, has 
withheld some data on side effects found 
during clinical or animal trials with 
drugs including Oraflex. Last year, an 
FD.\ investigator advised the agency to 
file a criminal prosecution against Lilly. 
The FDA still has not acted on that 
recommendation. The FDA investigator 
has since left the agency. □ 
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THIS WEEK 

Glimmer of hope ahead for Ref usnik scientist 



THE DIPLOMATIC BATTLE goes on 
for the Russian refusnik David 
Goldfarb, a microbiologist. At its con- 
gress last week in Boston, the Inter- 
national Union of Microbiological Soci- 
eties voted almost unanimously to raise 
Goldfarb's case before an influential 
scientific committee under the Inter- 
national Council of Scientific Unions. 
The council has in the past been able 
to win long-sought exit visas from the 
Soviet Union. 

Goldfarb has been denied permission 
either to attend foreign meetings or to 
take up a post at the Weizmann Institute 
in Israel. Among refusniks (Soviet Jews 
who seek to emigrate to Israel), Gold- 
farb is in a special position both be- 
cause of his renown as a microbiologist 
and because his son Alex is already in 
the US, working as a microbiologist at 
Columbia University. But time is running 
out for his official excuse to leave 
Moscow: his invitation from the Weiz- 
mann Institute specifies that the posi- 
tion will be open until retirement. Gold- 
farb is 64. 

The matter forced itself upon the 
lUMS because Goldfarb, former director 
of molecular genetics at the Soviet 
Academy of Sciences, is a member of the 
union's International Microbial Genetics 
Commission. As such, he received official 
invitations to the Boston meeting. His 
renewed request for a visa brought no 
response from the authorities at the last 
time of asking. 

This is the first time Goldfarb's case 
was discussed formally in an inter- 
national scientific forum, although last 
March nearly 200 biologists wrote inde- 
pendently to the Soviet Academy of 
Sciences pleading for his release. There 



was almost no discussion of the lUMS's 
mildly-worded resolution before its adop- 
tion, and delegates from Eastern bloc 
countries made no comment. The dele- 
gate from the Soviet Union, forewarned 
by lUMS officers that the resolution was 
on the agenda, was not present. The 
resolution calls attention to the fact that 
Soviet treatment of Goldfarb is "con- 
trary to the spirit" of resolutions passed 
by the International Council of Scienti- 
fic Unions (lUMS hopes to be voted a 
member next month). ICSU has inter- 
national clout; on its own lUMS has 
virtually none. Willis Wood, president of 
the American Society of Microbiology, 
which hosted the meeting, declined ad- 
vice from Alex Goldfarb and from some 




members of ASM to speak out publicly 
on Goldfarb's behalf. He said he did not 
want to antagonise Soviet members of 
lUMS or detract from the scientific 
meeting. 

A related issue must be of even 
greater concern to lUMS members: the 
reason why Goldfarb is denied a visa. 
The Soviets count molecular biology as 
a state secret. Goldfarb, who worked be- 
fore his dismissal from the Acadamy on 
phages and antibiotic-resistant "doesn't 
know any secrets", says his son. 
"Ovchinnikov (the Soviet Academy's 
head of biochemistry) has said from his 
point of view there are no secrets. The 
problem is that the KGB thinks he knows 
secrets." □ 



A giant LEP for the PM 

ALL IN THE CAUSE of European 
unity. Prime Minister Margaret 
Thatcher dropped by at the European 
Centre for Nuclear Research (CERN) 
last week on her way to the Alps. On her 
last visif, scientists were planning 
Europe's biggest particle accelerator, the 
Super Proton Synchrotron; 12 years 
later, they have decided to build the 
world's biggest — the Large Electron- 
Positron machine (LEP). 

So what did the PM think of all this? 
The official party reports that she 
wanted to know why CERN wanted a 
new accelerator and how much it would 
cost (about 40 per cent more than 
CERN's annual budget). But she did 
deem the project "definitely" worth- 
while. The fundamental nature of matter 
may not be an election issue — but the 
comment will be a relief to British 
physicists at CERN. □ 



The big heat brings a plague on your houses 



BRITAIN'S HOT, humid weather 
earlier this month did more than 
make the population swelter. It pro- 
duced a plague of fleas. Councils report 
a large increase in the number of people 
wanting their homes fumigated. And as 
the nation scratches its ankles, experts 
say the worst is yet to come. 

The main culprit is our furry friend, 
the cat. Britain has an estimated 13^2 
million cats and many of tbem have 
fleas. A lot of the country's six million 
dogs also have cat fleas. An infested 
animal will have about 10 000 fleas in 
tow — enough to keep us all up to 
scratch. 

Contrary to popular belief, cat fleas do 
not hve on their hosts. A cat will carry 
an average of only 25 fleas at any one 
time. The fleas simply jump onto a cat 
for their daily meal, and then off again. 
John Maunder, consultant entomologist 
at the London School of Hygiene and 
Tropical Medicine told New Scientist, 
"They are hit and run raiders". 

Fleas spend most of their time in the 
places where a cat sleeps. These places 



can have a population of 2000 adult 
fleas, and another 8000 in various stages 
of development. 

The cat flea's eggs hatch within about 
three days. The larvae shed their skins 
four times and feed on the droppings of 
adult fleas and on dust, most of which 
is human skin. After between three 
weeks and three months the larvae be- 
come pupae, and finally become adults 
after another three weeks to three 
months, although adults have emerged 
from 18-month-old pupae. 

The larvae and pupae develop much 
faster in hot and humid weather, which 
accounts for the current plague. Maun- 
der says, "It's going to be a bumper 
year". He claims that the flea popula- 
tion should reach its peak around the 
end of September. No one is sure quite 
how long an adult flea Uves, but it is 
probably about two years. 

Part of the problem is that we are 
making life much easier for the flea. 
Like the cat, it is a semi-tropical beast. 
Fleas can die of cold, but the spread of 
central heating has made our homes 



much more acceptable residences. 
Maunder says studies show that the cat 
flea is extending its range northwards 
with a vengeance. 

Fortunately cat fleas do not particu- 
larly care for human blood. Maunder 
says "We're very much emergency 
rations." But if somebody closes the door 
on a room which a cat inhabits, or if the 
cat dies, then the fleas become very 
hungry. They have been known to mount 
mass attacks on people, who can end up 
in hospital. 

The flea bite is an allergic reaction 
to the insect's saliva. People who 
haven't been exposed to fleas don't react 
at first. They become more sensitive, re- 
acting to the bite before they finally be- 
come insensitive. About half of humans 
react to flea bites, which is why people 
often say that they never get bitten. 
It's not true; they just don't react as 
others seem to. 

Getting rid of fleas is a big problem. 
The best way, says Maunder — tongue 
firmly in cheek — ^is "to shoot the cat and 
move". D 
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Housing shortage hits plans for science park 



A PLANNING ROW has put in jeop- 
ardy an ambitious scheme to en- 
courage new industries in a run-down 
part of South London. The Polytechnic 
of the South Bank, the capital's largest 
centre for technical education has spent 
two years planning and raising money 
for an extension called the South Bank 
Technopark at the Elephant and Castle, 
Southwark. The idea is to build a kind 
of urban science park to help scientists 
and engineers exploit their ideas by 
starting up small businesses and sharing 
central resources (New Scientist, 12 
August, p429). 

The college raised money from the 
Department of Industry and the Sains- 
bury Trust to carry out feasibility stud- 
ies, and on 10 August the Prudential 
Assurance Company announced that it 
would pay for the three-story building: 
about £4-5 million. 

But three days before the official 
launch of the project, the local author- 



The comet also rises 

THIS WEEK we should be treated to 
the first view of a comet for seven 
years. Although astronomers have dis- 
covered many fainter comets, none since 
comet West in 1975 has been bright 
enough to be visible to the unaided eye. 
This week's comet, named for its New 
Zealand discoverer, Rodney Austin, will 
not be particularly spectacular, but you 
should have little problem in finding it 
close to the familiar stars of the Plough. 

Austin discovered the comet on 18 
June, during its approach to the Sun 
and while it was still well outside the 
Earth's orbit. It crossed our orbit a 
month ago, and will reach its closest 
point to the Sun next Tuesday — passing 
just within Venus's orbit. The comet's 
elongated orbit is tipped up at almost 
a right angle to the Earth's. As a result, 
the comet has travelled virtually south- 
north in the sky. Comet Austin is now 
in the Great Bear, and during the next 
week it will move gradually right to 
left under the stars of the Plough (the 
seven brightest stars of the Great Bear). 
The diagram shows where to find the 
comet in the north-east part of the sky 
just after sunset. □ 




ity, Southwark Council, told the college 
that the project would not get planning 
permission because the site was zoned 
for housing. The borough has 6129 
families on its waiting list for homes: it 
started just 42 homes last year. 

The decision was a bombshell for the 
people behind the Technopark project 
because the council's (non-elected) offi- 
cers had informally told the college ttiat 
there would be no problem. But the 
elected Labour councillors, who gained 
control in April, decided that the time 
had come to stop the erosion of housing 
in the borough, particularly because 
there are plenty of industrial sites 
nearby. 

The Prudential's joint chief surveyor, 
Michael Mallinson, described the coun- 
dl's decision as "highly unsatisfactory 
... it will discourage ideas like this in 
the future". He said the company would 
be unlikely to fund a project on a site 



that was not adjacent to the college. 

The director of the polytechnic, John 
Beishon, is now in the embarrassing 
position of defending a City financial in- 
stitution which wants to buy up land 
allocated for housing "even if there is 
no money around to build the houses". 
But he vrill try to work out a comprom- 
ise; the director of the Technopark pro- 
ject, Jeffe JeflFers, is meeting the coun- 
cil this week. 

The Town and Country Planning Act 
of I97I obliges Southwark to consider 
any planning application that it receives. 
A spokesman for the council said: "With 
the cooperation of the Greater London 
Council and the Prudential it should be 
possible to accommodate both family 
housing and the Technopark." But the 
insurance company may not be happy 
vrith this idea: ""The Prudential is not 
in the business of building council 
houses," the company's surveyor said. □ 




High tech industry or housing: Southwark backs the homeless and a scheme for 
south London falters 



Organic farming wins vote of confidence in US 



Where to look for comet Austin 



ORGANIC FARMING in the United 
States received a boost last week 
when a bill promoting research into or- 
ganic methods was approved by a com- 
mittee of the House of Representatives. 
If the bill is enacted, the Department of 
Agriculture will fund research at six 
universities and provide information on 
organic farming through its agricul- 
tural extension service. 

Interest in organic farming has been 
growing in the United States, especially 
after a 1980 report from the agriculture 
department, which concluded that or- 
ganic farming can cut operating costs 
and reduce soil erosion, and that organic 
methods can be adapted to large-scale 
farming. Officials at the department es- 
timate that 40000 of the country's 2-4 
million farmers use organic techniques. 
The committee heard from Dr Warren 
Sahs of the University of Nebraska, a 
leader in organic research, that over 
two-thirds of the farmers who attended 
a recent university field day on organic 
farming were conventional farmers in- 
terested in adopting the new techniques. 



The department opposed the bill. 
Officials told the committee that the de- 
partment is sympathetic to organic farm- 
ing, but cannot afford the $14-5 million 
research programme the bill would es- 
tablish. 

But members of the committee ques- 
tioned the department's attitude towards 
organic farming. The department cur- 
rently spends only $1 million of its $430 
million research budget on pure organic 
studies. The Agriculture Secretary, 
John Block, was recently quoted in a 
farming journal as saying that organic 
research is a "dead end". 

Thomas Daschle of South Dakota, a 
member of the House committee, told 
departmental officials, "The record sup- 
ports the assertion that you have down- 
graded organic farming . . . The empha- 
sis has been on conventional farming all 
along. It's in our best self-interest to 
pursue other ways." 

The bill, which was approved by a 
margin of 16 to 9, still has to pass 
through the House and then a similar 
proce.ss in the Senate. □ 
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Australian astronomy at the crossroads 



THE FUTURE of astronomy 
in Australia hangs in the 
balance and could be de- 
cided this week when Malcolm 
Frazer's government reveals 
its budget. AustraUan astrono- 
mers have been trying to per- 
suade Frazer's cost-conscious 
government to commit itself 
to the large financial outlays 
they believe are needed for 
the instruments that will keep 
Australia at the forefront of 
astronomy in the 1990s. The 
budget this week will show 
whether they have succeeded. 

Austrahan astronomy is 
riding on the crest of a wave. 
Major discoveries emerge 
almost weekly from the Aus- 
tralian National University's ° 
(ANU) Mount Stromlo and o 
Siding Spring Observatory, the 
universities of Sydney, Monash 
and New South Wales, the 
Commonwealth Scientific and Industrial 
Research Organisation's (CSIRO) Radio- 
physics Division, and the Anglo-Austra- 
lian telescope at Siding Spring. But 
astronomy has now entered the expen- 
sive "big science" phase of space tele- 
scopes and very large arrays of radio 
telescopes. 

To keep ahead of the field, Australian 
astronomers are pinning their hopes on 
two ambitious projects. The first is a 
joint American / Canadian / Australian 
space telescope. This one-metre tele- 
scope, called Starlab, will "see" wave- 
lengths from the far ultraviolet through 
the visible spectrum to the near infra- 
red. It will be launched by NASA's 
space shuttle in 1989. The other is the 
Australian Telescope, the only very 
large array of radio telescopes planned 
south of the equator (New Scientist, vol 
93, p 768). Both projects received set- 
backs from the government last year 
and if they are to go ahead both must 
win financial support when the govern- 
ment announces its annual budget. 

Thanks to far-sighted decisions made 
more than 10 years ago, astronomers 
in Australia have at their disposal a re- 
markably comprehensive array of optical 
and radio telescopes with which to view 
the southern sky. The group of modern 
optical and radio telescopes at Siding 
Springs in New South Wales (which be- 
long to the ANU and the Anglo-Aus- 
trahan Observatory) provides optical as- 
tronomers with an exceptional set of in- 
struments. In addition, the ANU is buil- 
ding a fully automatic 2-4-raetre tele- 
scope at Siding Spring. However, Aus- 
tralian optical astronomers will need 
access to the much greater resolution 
provided by space telescopes (which 
don't have to contend with the Earth's 
atmosphere) if they are to compete by 
the end of the century. 

Arrays of telescopes are the latest 
thing in radio astronomy. The bigger a 
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AiLStralia needs more big radio telescopes, but the 
government's budget ivill decide whether it gets them 

radio telescope, the more detail it can 
"see". But a radio telescope that could 
resolve details as fine as those revealed 
by optical telescopes would have to be 
several kilometres in diameter. This is 
physically impossible, but electronically 
possible. What radio astronomers do is 
to connect electronically several small 
radio telescopes hundreds or even thou- 
sands of kilometres apart. The resulting 
array of radio telescopes can see details 
finer than those observed through any 
other kind of telescope. 

Brian Lee, Canberra 

If Australian astronomers fall behind 
in either discipline, they cannot expect 
to remain at the forefront of astronomy 
for long. The discovery in March of 
quasar PKS 2000-300, the most distant 
object yet seen in the universe (and 
arguably the most important astronom- 
ical discovery in recent years) involved 
the cooperation of radio astronomers 
and optical astronomers. This discovery 
ended a 10-year drought in the finding 
of ever more distant celestial bodies, 
and it will allow astronomers to break 
through the mental barrier raised by 
the widely held feeling that they had 
already seen the edge of the universe. 

The quasar's discoverers included 
Bruce Peterson at ANU, Anne Savage of 
the Royal Observatory of Edinburgh, and 
David Jauncey and Alan Wright of 
CSIRO. To prove the existence of the 
quasar, they had to detect it using 
CSIRO's 21-year-old 64-metre radio tele- 
scope at Parkes in New South Wales. 
Then they had to use the US-Australian 
array of radio telescopes at Tidbin- 
billa near Canberra to place accur- 
ately; the Royal Observatory of Edin- 
burgh's UK Schmidt Telescope at Siding 
Spring to identify it as an optical object; 
and the Anglo-Australian Telescope to 
obtain its optical spectrum. 



AustraUan astronomers see 
Starlab and the Australian 
Telescope as essential if they 
are to maintain this pace. 

If agreed, AustraUan partici- 
pation in the retrievable Star- 
lab will be a great coup for 
Don Mathewson, the ANU's 
Professor of Astronomy and 
Director of the Mount Stromlo 
and Siding Spring Observatory. 
He will have managed to pro- 
ject Australian astronomy into 
space for a modest $25-5 mil- 
lion. At the moment, NASA 
plans to put Starlab on the 
space platform the space shut- 
tle will launch in 1989. About 
10 missions, each lasting 6-12 
months, are planned. 

NASA has agreed to provide 
the platform and the first two 
launches at no cost to Canada 
and AustraUa. Canada will 
build the telescope and Aus- 
traUa will provide the instrument pack- 
age, consisting of a camera, a spectro- 
graph, electronic equipment for record- 
ing ultraviolet images, and equipment for 
telemetering information to Earth. Can- 
ada and Australia will share the $51-mil- 
lion cost of the telescope and instrument 
package equally. 

Mathewson's trump card has been his 
group's lead in the development of 
equipment for recording ultraviolet 
images — equipment which (according to 
Ed Weiler, Chief of Astronomy at 
NASA) puts the Australians two years 
ahead of their rivals. Without this equip- 
ment the telescope cannot succeed. 

None of the three participating 
governments will have to commit them- 
selves finally to Starlab until January 
1984. But the Canadians have already 
committed money up to that date for 
design studies of the telescope and the 
Australian government must provide 
$1-8 million this coming financial year 
to pay for detailed design studies for the 
instrument package. Its refusal last year 
to provide $104000 for design studies 
was not fatal to the project: 14 local 
companies enthusiastically came to the 
rescue. But in spite of their enthusiasm 
for the project, the companies will not 
support it much longer without a com- 
mitment to additional support from lUe 
government. 

The Australian Telescope should be 
completed in 1988, Australia's bicen- 
tenary year. Like Starlab, it will cost the 
government about $25 million, but 
spending on the project will peak about 
two years earUer in 1985. CSIRO will 
build the instrument along a 300-kilo- 
metre, north-south axis in New South 
Wales by linking the 64-metre Parkes 
telescope to a new 22-metre dish 200 km 
further north at Siding Spring, and to 
a 6-km, east-west linear array of five, 
22-metre dishes at Culgoora, a further 
100 km north again. □ 



Cm 



alerial 



Only the rich become richer in space 

Keep weapons out of space and give us a fair share of the benefits, says the Third World. 



The super powers seem to have other ideas 



AN ELDERLY VIENNESE dressed 
in a Roman toga and clasping a 
sign saying "Peace", has done his 
best to prick the conscience of the 
world's super powers about the escala- 
ting arms race in outer space. The Aus- 
trian eccentric has hung about the out- 
side of the conference hall in Vienna 
which, for the past ten days, has hosted 
a United Nations conference on the 
applications of resources beyond the 
Earth's atmosphere (Unispace). 

A clutch of keen-eyed policemen and 
security officials have not allowed the 
one-man demonstration inside the build- 
ing. But, in the opinion of some repre- 
sentatives at the conference, the same 
treatment should have applied to the 
issue of peace itself. 

James Beggs, administrator of NASA 
and head of the American delegation, 
says that the issue of arms in outer 
space is "too complex" to intrude into 
the constitutional niceties of the gather- 
ing. He would prefer to see other United 
Nations bodies, for instance those con- 
cerned with disarmament, discuss the 
matter. And Kenneth Baker, Britain's 
minister for information technology, 
summed up the views of much of the 
rest of the industrialised world. He told 
New Scientist that, although concerned 
about arms in outer space, he would not 
want to raise the issue publicly at an 
international conference. 

But Javier Perez de Cuellar, Secretary 
General of the United Nations set the 
tone for much of the rest of the proceed- 
ings when, in his opening statement, he 
spoke out against the deployment of 
weapons in space. Apart from moral con- 
siderations, he said, research into 
weaponry diverts resources away from 
work that could benefit mankind, par- 
ticularly nations in the less developed 
world. 

Representatives from the Third World 
have risen one by one to follow the lead 
of the UN statesman. Domingo Siazon, 
the Philippino Ambassador to Austria, 
reminded the conference that only two 
nations, the US and the USSR, have 
demonstrated that they can station 
weapons in orbit. But he warned that 
the world could still witness an increase 
in the number of countries with these 
powers that could match the growth in 
the past 20 years of nations with nuclear 
weapons. 

While the US has completely ignored 
the issue, the Soviet Union has made 
some moves in favour of what the Third 
World wants, a ban on any weaponry 
in space. Such a measure would sup- . 
plement the 1967 Outer Space Treaty of 2 
the United Nations. This forbids any i° 
nation to put into orbit nuclear weapons 6 
as well as "devices of mass destruction". O 
Crucially, the wording does not prohibit 
the launching of anti-satellite devices or 



Peter Marsh, Vienna 

laser weapons, the chief examples of the 
fearsome space hardware that is at the 
heart of Soviet and American experi- 
ments. 

In his contribution, Vladimir Kotelni- 
kov, vice president of the USSR 
Academy of Sciences and head of the 
Soviet delegation, said, "Space should be 
peaceful and only peaceful". He said the 
Soviet Union has already submitted to 
the United Nations a draft of an agree- 
ment that would stop further militarisa- 
tion in space. 

To supervise such an agreement, if 
and when it is made, many of the coun- 
tries in the Third World want to tighten 
up the United Nations mechanisms that 
deal with space. The most radical sug- 
gestion has come from Pakistan which 
wants an international space agency with 
headquarters possibly in Geneva or 
Vienna. Besides monitoring encroach- 
ments upon space for military purposes, 
the agency would also oversee other 
matters that divide the industrialised and 
developing world. 

Of these, the most crudcil concerns 
remote sensing of the Earth by satellite. 
The developing nations want some kind 
of global body to oversee remote sensing 
so that all countries can gain access to 
data from the craft. This information can 
give vital details about the growth of 
crops or the sites of valuable mineral 
deposits. 

At present, the US runs a remote 
sensing system based on two Landsat 



satellites that "see" virtually every area 
of the world from altitudes of several 
hundred kilometres. In the next few 
years, France, Japan, India and the 
nations of the European Space Agency 
will organise similar systems to sell data 
to the rest of the world. But Jing 
Zhaoquian of China's Ministry of Space 
Technology points out that the develop- 
ing countries have no guarantees that 
the data will continue to be freely avail- 
able. Another fear is that if a private 
firm from the developed world with 
access to the satellite information spots, 
for instance, a source of minerals in a 
developing country, it might keep the 
data to itself and go on to prospect the 
area without involving the nation con- 
cerned. 

Yash Pal, an Indian space scientist 
who is secretary general of the confer- 
ence, says, "The Third World must not 
be forced to rely on the good will of the 
industrialised nations for this kind of 
data." 

The international space agency would 
cost about $10 million per year to run, 
says Salim Mehmood, the head of the 
Pakistan delegation. This would be on 
top of the cost of launching its own 
satellites, if these were needed. An alter- 
native, says Mehmood, would be to take 
over existing remote sensing craft such 
as Landsat. 

Another role for the world space 
agency could be to share out slots in 
geostationary orbit 3G 000 km above the 
Earth — the most popular position for 
communications satellites. Nations from 




An interrmtional space agency might guarantee satellite data foi crop growers 



THE WORLD'S SPACE POWERS are 
blaming each other for not co- 
operating in manned space projects. 
Both the US and the USSR have con- 
centrated on programmes for putting 
people into space, the US with its space 
buttle, and the Soviets with a series 
of flights to the Salyut 7 space station 
now in orbit. But the only time the 
nations have collaborated was in one 
joint flight seven years ago. 

James Beggs, the administrator of 
NASA, says that the US does not plan 
to cooperate with the Soviets "until 
they behave themselves" on a wider 
political front. He explained that he 
was referring to events in Poland and 
Afghanistan. 

By contrast, says Beggs, the United 
States has been "pure and pristine". 
He went on; "We have not invaded any 
countries lately". The joint project in 
1975 was, says Beggs, "like pulling 



Whose orbit Is It anywayt 

teeth" for the- Americans because of 
the great difiQculty in pursuading the 
Soviet Union to disclose technical de- 
tails about their spacecraft. "Despite 
this we would have been ready to plan 
joint missions if conditions in the rest 
of the world were more normal." 

Beggs adds that the US would be 
willing to take into orbit astronauts 
from the ITiird World and other 
nations with whom the US participates 
in space missions. For instance, if 
NASA signs a deal with a particular 
country to launch a satellite, then the 
agency will consider taking into space 
a scientist from that country to handle 
the satellite. 

For its part, the Soviet Union has 
criticised the US for stopping joint pro- 
grammes. Speaking at the Unispace 
conference last week, Vladimir Kotel- 
nikov, head of the country's delegation, 
said it was regrettable that the co- 



operation ended. "But it is not the 
Soviet side which is to blame." 

Oleg Gazenko, another member of 
the delegation, said that the Soviet 
Union would probably launch two more 
flights this year to the Salyut 7 space 
station which recently went into orbit. 
The next station, Salyut 8, will be 
launched in about two or three years, 
said Gazenko who is director of the 
Soviet Institute for Medical and Bio- 
logical Problems. This will be similar 
to Salyut 7 but will have extra modules 
to increase available room. 

Gazenko was speaking at a reception 
in Vienna at which the Soviets paraded 
no fewer than eight cosmonauts, includ- 
ing six from nations that have partici- 
pated in space flights as part of the 
Intercosmos programme. By contrast, 
the US party included just one astro- 
naut, Herty Hertsfield who flew on the 
shuttle's last trip. □ 



the Third World are worried that the 
International Telecommunication Union, 
another agency of the United Nations, 
has allocated these slots on a basis of 
"first come, first served". This means 
that the developed world has already 
used up most of the slots, with few left 
for other countries if and when they 
develop their own spacecraft. 

Mehmood, who is chairman of 
Pakistan's Space and Upper Atmosphere 
Research Commission, stresses that he 
does not want to press gang the de- 
veloped world into giving up its 
dominant position in space. "The very 
fact that so many nations with such 
powerful delegations are at this confer- 
ence contributes to international under- ^ 
standing. I would like to see a step in < 
the direction of an international agency. ^ 
What is required is a change of attitude 
and a change of mind." 

Representatives from the developed 
world are unenthusiastic about Paki- 
stan's proposals upon which, as with all 
the other matters of controversy, the 
conference should have reached broad 
agreement by the time it ends on Satur- 
day (21 August). "We have found that 
United Nations mechanisms in the area 
of exploitation of technology have not 
been effective," says James Beggs of 
NASA. 

A member of another western delega- 
tion was more blunt. Discussing the draft 
report of the conference, which the 
gathering is discussing clause by clause 
until a common view can be formulated, 
he said, "It is full of the same old ploys 
from the developing countries. They 
want to get the benefits of technology 
without having to pay for them." 

For Britain's part, Baker says he will 
not support the estabUshment of new 
international agencies simply because it 
would cost too much. 

India, one of the developing nations 
that is spending a lot on space tech- 
nology, also does not agree with Paki- 
stan's proposal. Esknath Chitnis the 
director of the Space Applications 
Centre run by the Indian Space Research 
Organisation in Ahmcdabad, says he 



Landsat D — for whose benefit? 

would prefer to see more agreements 
between countries organised on a re- 
gional, rather than a global, basis. For 
instance, he is interested in participating 
with near neighbours such as Pakistan, 
Sri Lanka and Bangladesh on joint satel- 
lite projects. 

India is repeatedly leaving the camp 
of the "have nots" in space technology. 
It has launched two satellites with its 
own rockets and from earlier this year 
has operated a national communications 
satellite for TV broadcasting and tele- 
phone calls. 

The United States has been keen to 
offer the Third World a few crumbs of 
comfort. Beggs announced at the con- 
ference that the US wants to start a long 
term study into what he calls "global 
habitabihty". 

The US has issued a glossy brochure 
on this subject and even devoted a fair 
chunk of an official American gala even- 
ing — which featured novelist James 
Michener extolling the virtues of the 
space shuttle — to talk about what it 
means. Yet all the signs are that "global 
habitabihty" is no more than a variation 
on that vogue phrase of the 1970s, "the 
environment". 

The details of the study are still to be 



worked out, Beggs told New Scientist. 
But over 10 to 20 years he wants to 
mount research, in collaboration with 
other countries where possible, into the 
factors that affect the atmosphere and 
the Earth. This would encompass work 
on pollution, the ozone layer, the impact 
of the increasing volume of carbon 
dioxide in the atmosphere, as well as 
mapping of the oceans and areas such as 
forests. 

According to Beggs, NASA already 
devotes about half of its annual science 
budget of $1000 million dollars to this 
kind of activity. He does not necessarily 
envisage more spending, more a reorien- 
tation of work to dovetail with other 
countries. 

The study would use data from remote 
sensing satellites and could involve the 
launch of new craft expressly for this 
purpose. It would probably also link with 
the United Nations World Meteorological 
Organisation, which already runs what 
it calls the World Weather Watch. This 
is a system of satellites, each owned by 
individual nations, which as a result of 
informal agreements provide a con- 
tinuous stream of data about what is 
happening in the upper atmosphere. 

According to one worker with the 
WMO, the Worid Weather Watch "is a 
fantastic way of getting nations to work 
together without setting up a big 
machine". It is undoubtedly this lack of 
bureaucracy which makes Beggs warm 
to the new study no matter how many 
other nations enter the scheme. NASA 
officials in Washington would be firmly 
in control. There would be no messy 
system of United Nations committees to 
encounter. 

Meanwhile, nations from the Third 
World have to decide what the scheme 
means to them. In the opinion of one 
space scientist from India, the study is 
attractive and will offer real benefits. 
But other nations are likely to lean to- 
wards the view that "global habit- 
ability" is a sop that distracts attention 
from efforts to obtain a mechanism for 
regulating the world's space affairs in 
which everyone has an equal say. □ 
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Consciousness: a just-so story 

I am conscious, and you probably are too. But why? What biological function does this 

remarkable ability subserve? 



sors, sassors made of brass or steel. But scissors, to be 
scissors, have to cut. There is really no danger that what 
we both agree to call a "pair of scissors" could in my 
case be a jelly-baby while in your case is empty air. 

From all I know about myself, what strikes me — and 
seems to give some kind of cutting edge to consciousness 



Nicholas Humphrey Biologists who have thought, but 

not thought enough, about con- 
sciousness will be found toying with two contradictory 
ideas. First — the legacy of the positivist tradition in phil- 
osophy — that consciousness is an essentially private thing, 
which enriches the spirit but makes no material difference 
to the flesh, and whose existence either in man or other 
animals cannot in principle be confirmed by the objective 
tools of science. Second — the legacy of evolutionary biol- 
ogy — that consciousness is an adaptive trait, which has 
evolved by natural selection because it confers some (as 
yet unspecified) advantage on those individuals who pos- 
sess it. 

Put in this way, the contradiction is apparent. Biological 
advantage means an increased ability to stay alive and 
reproduce; it exists, if it exists at all, in the public domain. 
Anything which confers this kind of advantage — still more, 
anything whose evolution has specifically depended on 
it — cannot therefore remain wholly private. If conscious- 
ness is wholly private it cannot have evolved. Or if it has 
evolved, it must in Hamlet's words be but private north- 
northwest; when the wind is southerly it must be having 
public consequences. If the blind forces of natural selec- 
tion have been able in the past to get a purchase on these 
consequences, so now should a far-seeing science. 

Yet scholars will, I suspect, continue to tolerate the con- 
tradiction, paying lip service both to the privacy and to the 
evolutionary adaptiveness of consciousness, until they are 
offered a plausible account of just wherein the bio- 
logical advantage lies. At present, so far from having 
a testable hypothesis which we could apply to species 
other than our own, we lack even the bones of a good 
story about consciousness in human beings. I here present 
one: a Just-So story. 

But first some pointers to what, in the context of this 
story, I take "consciousness" to mean. I rely on there al- 
ready being between us the basis for a common under- 
standing. I assume that you yourself are another conscious 
human being; that you have a personal conception of what 
consciousness is like; that you have experienced, waking 
and sleeping, both its presence and its absence; and that 
having noticed the contrasts you have already formed some 
notion of what consciousness is for. I assume moreover 
that although you may never have had occasion to pro- 
nounce on it, you will not find it difiicult to recognise some- 
one else's pronouncements (mine, below) as true to your 
own case. 

Provided, that is, you are in fact a conscious human 
being, and not as it haippens an unconscious robot or a 
philospher from Mars. Provided, also, that you have not 
been too much influenced by Ludwig Wittgenstein. When 
Wittgenstein in his Philosophical Investigations, alluded to 
consciousness as a "beetle" in a box — "No one can look 
into anyone else's box, and everyone says he knows what a 
beetle is only by looking at his beetle . . . Everyone might 
have something different in his box . . . The box might 
even be empty" — he chose the name of a thing which 
has no obvious use to us, and thereby implicitly ruled out 
the possibility that the things in our several boxes might 
bear a functional resemblance to each other. But suppose 
the thing in the box had been called, let's say, a "pair of 
scissors". One person's pair of scissors might indeed look 
rather different from another's: long sdssors, short sds- 

Nicholas Humphrey is assistant director of the Sub-Department of Animal 
Behaviour, Cambridge University, and a psychologist and writer. 




— is this. The behaviour of human beings, myself included, 
is in every case under the control of an internal nervous 
mechanism. This mechanism is responsive to and engaged 
with the external environment but at the same time 
operates in many ways autonomously, collating informa- 
tion, hatching plans, and making decisions between one 
course of action and another. Being internal and autono- 
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mous it also, for the most part, operates away from other 
people's view. You cannot see directly into my mechanism, 
and I cannot see directly into yours. Yet, in so far as I am 
conscious, 1 can see as if with an inner eye into ray own. 

During most of my waking life I have been aware that 
my own behaviour is accompanied by certain conscious 
feelings — sensations, moods, desires, volitions and so on — 
which together form the structure and content of my 
conscious mind. So regular indeed is this accompaniment, 
so rarely does anything happen to me without its being 
either preceded or paralleled by the experience of a con- 
scious feeling, that I have long ago come to regard my 
conscious mind as the veiry same thing as the internal 




mechanism which controls my bodily behaviour. If I ask 
myself why I am doing something, like as not my answer 
will be framed in conscious mental terms: I am doing it 
because I am aware of this or that going on inside me. 
"Why am I looking in the larder? Because I'm feeling 
hungry . . . Why am I raising my right arm? Because I 
wish to . . . Why am I sniffing this rose? Because I like 



its smell." 

Thus consciousness (some would say "self-conscious- 
ness", though what other kind of consciousness there is 
I do not know) provides me with an explanatory modeJ, 
a way of making sense of my behaviour in terms which 
I could in no way otherwise devise. And to the extent 
that it's successful, it is successful presumably because the 
workings of my conscious mind do in reality bear some 
kind of formal (if limited) correspondence to the workings 
of my brain. "Hunger" corresponds to a state of my brain; 
"wishing" corresponds to a state of my brain; even the 
organising principle of consciousness, my concept of my 
"self", corresponds to an organising principle of brain 
states. Not that physiologists have yet come up with an 
analysis of brain activity along these lines. But that, for 
the moment, is their problem, not mine. As a child of the 
evolutionary process, whose ancestors have been in this 
business for many millions of years, I am, in relation to 
my own behaviour like the ancient astronomer in the pic- 
ture, who has found a way of looking in directly on the 
wheels and cogs which move the stars across the heavens: 
the stars are my behaviour, the cogwheels are the mech- 
anism which controls it, and the astronomer peering in 
on them is I myself. 
So what? 

Percipient but not conscious 

So, once upon a time there were animals ancestral to 
man who were not conscious. That is not to say that these 
animals lacked brains. They were no doubt percipient, in- 
telligent, complexly motivated creatures, whose internal 
control mechanisms were in many respects the equals of 
our own. But it is to say that they had no way of looking 
in upon the mechanism. They had clever brains, but 
blank minds. Their brains would receive and process in- 
formation from their sense organs without their minds 
being conscious of any accompanying sensation; their 
brains would be moved by, say, hunger or fear without 
their minds being conscious of any accompanying emotion; 
their brains would undertake voluntary actions without 
their minds being conscious of any accompanying volition 
. . . And so these ancestral animals went about their lives, 
deeply ignorant of an inner explanation for their own 
behaviour. 

To our way of thinking such ignorance has to be 
strange. We have experienced so often the connection 
between conscious feelings and behaviour, grown so used 
to the notion that our feelings are the causes of our 
actions, that it is hard to imagine that in the absence of 
feelings behaviour could carry on at all. It is true that in 
rare cases human beings may show a quite unexpected 
competence to do things without being conscious of their 
inner reasons: the case, for example, of "blind-sight", 
where a patient with damaged visual centres in the brain 
can point to a light without being conscious of any sensa- 
tion accompanying his seeing (and without, as he says, 
knowing how he does it). But the patient himself in such 

a case confesses himself baffled; aiwl you and I will not 
pretend that that would not be our reaction too. 

Such bafflement, however, was one among the many 
things our unconscious ancestors were spared. Having 
never in their lives known inner reasons for their actions, 
they would not have missed them when they were not 
there. And whether we can imagine it or not, we should 
assume that, for the life-style to which they were adapted, 
"unconsciousness" was no great handicap. With these 
animals it was their behaviour itself, not their capacity to 
give an inner explanation of it, that mattered to their 
biological survival. As the occasion demanded they acted 
hungry, acted fearful, acted wishful and so on, and they 
were none the worse off for not having the feelings which 
might have told them why. 
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Nonetheless, these animals were the ancestors of 
modern human beings. They were coming our way. 
Though their lives may once have been comparatively 
bniti^ and relatively short, as generations paissed they 
began to live longer, their life-histories grew more com- 
plicated, and their relationships with other members of 
their species became more dependent, more intimate, and 
at the same time more unsure. Sooner or later the capacity 
to explain themselves and to explain others — to take on, 
if it's not too grand a word, the role of a natural "psycho- 
logist", capable of understanding and predicting their own 
and others' bdiaviour within the sodal group— would 
become something they could no longer do without. At 
that stage would not their lack of consciousness have 
begun to tell against them? 

Watch your brain working 

Not necessarily. At least not at first, and not to the 
extent that all that's said above implies. For inner 
ei^laiiatioiis are not the only kind of exidanatkms oi 
b^aviour. Debarred as our unconscious ancestors may 

have been from looking in directly on the workings of 
their brains, they could still have observed behaviour from 
outside: they could have observed what went into the 
internal mechanism and what came out, and so have 
pieced together an external, objectively based explanatory 
model. "Why am I (Humphrey) looking in the lardor?" 
Not, maybe, "Because Tm feeling hungry", but rather 
"Because it's five hours since Humphrey last had anything 
to eat" or "Because Humphrey has shown himself to be 
less fidgety after a snack". 

In short, while our ancestors lacked the capacity to 
explain themselves by "introspection", there was nothing 
to stop them doing it by the methods of "behaviourism". 
"The behaviourist," wrote one of its first modern cfaam* 
pions, J. B. Watson, "sweeps aside all medieval concep- 
tions. He drops from his scientific voctAuIary all stAjec- 
tive terms such as sensation, perception, image, desire, 
purpose, and even thinking and emotion." And who better 
placed to follow this recommendation than an unconscious 
creature for whom such conceptions could not have been 
further from his mind? In fact, it is we conscious human 
b^ngs who have trouble being hard4ieaded bebaviourists: 
it is we who, as tlrat oUier great behaviourist B. F. Skinner 
has lamented, "seem to have a kind of inside information 
about our behaviour. We have feelings about it. And what 
a diversion they have proved to be! . . . Feelings have 
proved to be one of the most fascinating attractions along 
the path of dalliance." 

Why, then, when ignorance of the inner reasons for 
bdiaviour might have been bliss, did human beings ever 
become wise? Adam, the behavioural scientist, might with 
Newtonian detachment have sbnply sat bade and watched 
theai^le fall; but, no, he ate it. 

What tempted him was a leap in the complexity of social 
interaction, calling in its turn for a leap in the psycho- 
logical understanding of oneself and others. Suddenly the 
old4H&e p^ciiology whidh was good enough for our uncon- 
sck>us ancestors, which is still apparently good enough for 
Watson and for Skinner, was no limger good enough for 
tjheir descendants, Behaviouriam andd take a natural 
psychologist only so far. And human beings were destined 
to go further. 

At what point the threshold was crossed we cannot tell. 
But there is evidence that by three or four million years 
ago, and possibly much earlier, our ancestors had already 
embarked on wihat was in effect a new experiment in social 
living. Leavmg bdund the relatively dull life of their ape- 
like forebears— leaving behind th^ thick skins, large teeth 
and heavy bones, leaving behind their habitation in the 
forest and their hand-to-mouth existence as vegetarian 
gypsies— th^ son^t this new life as hunter-gatherers on 



the African savanna. They sought it with stone tools, they 
sought it with fire; they pursued it with forks and hope. 
But above all, they sought it through the company of 
others of their kind. For it was membership of a coopera- 
tive social group whidi made the Iffe of hunting and 
gathering on the plains a viable alternative to what had 
gone before. Life from now on was to be founded on 
collaboration, centred on a home base and a place in the 
community. This community of familiar souls would 
provide the context in which individuals could reap the 
rewards of cooperative enterprise, w^ere they coidd 
benefit from mutual «change of materials and ideas, and 
where (against all subsequent advice) they could become 
borrowers and lenders and then borrowers again — 
borowers of time, of care, of goods and services. But most 
important, the community would provide them as they 
grew up first with a nursery and then with a kind of 
polytechnic school where they could learn from others the 
practical tedmiques on which the life of the hunter- 
gatherer depended. 

But the intense social engagement which this new life 
style entailed spelt trouble. For human beings would not, 
overnight, abandon self-interest in favour of the common 
good. And while it is true that each individual stood to gain 
by preserving the social system as a whole, each continued 
also to have his own particular loyalties; to hinuelf« to Ids 
kin and to his friends. A society based, as this was, on an 
tmprecendented degree of interdependency, reciprocity 
and trust, was also a society which offered unprecedented 
opportunities for an individual to manoeuvre and out- 
manoeuvre others in the group. 

Thus the scene was set for a long-running drama of 
personal and political intrigue. Men and women were 
headed to become actors in a human comedy, played out 
upon the flinty apron stage which formed their common 
home. It was a comedy which would be tragedy for some. 
It was a play of ambitions, jealousies, loves, hates, spites 
and charities, where success meant success in the conduct 
of personal relationships. And when the curtain fell it was 
to those who, as natural psychologists, had shown the 
greatest insight into human naiture that natural selection 
would give tiie biggest hand. 

Imagine now two different kinds of play«-, with very 
different casts of mind. One the traditional unconscious 
behaviourist, who based his psydioiogy entirely i^on 
external observation; the other a new breed <^ intra- 
spectionist, who took the short cut of looking directly in 
upon the workings of his brain. 

The behaviourist search for patterns 

The behaviourist starts with a blank slate. In the man- 
ner familiar to those of us who have followed the pro|^«ss 
of behaviourism as a modem science, he patiently ooHects 
evidence about what he sees haippening to himself and 
other people, he correlates "stimuli" and "responses", he 
looks for "contingencies of reinforcement", he tries to 
infer the existence of "intervening variables" . . . and 
thus, without prejudice, he searches for a pattern in it all. 

This programme for doing psychology is not, let it be 
said, a hopeless one. It must have sufficed for our 
unconscious ancestors for many mQlion years. It probably 
still suffices for most if not all non-human sodal animals 
alive today. With a bit of luck it might have sufficed for 
those who began to live the life of social human beings, 
had they but world enough and time, had there been no 
one else around with the gift of doing the job much better. 

But now there was someone else around, and worid, 
time and ludc were at once in short siqn>ly- An intro- 
spectmnist had entered on the scene: stmieone who starts 
with a slate on which the explanatory pattern is already 
half sketched in. FTOm eariiest childhood tiie uitro- 
spectionist has had the opportunity to observe tiie causal 
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structure of his own behaviour emerging in full inner view: 
he has sensed the connection between stimulus and 
response, he has felt the positive and negative effects of 
reinforcement, he has been directly appraised of the inter- 
vening variables, and he has daily experienced the 
unifying presence of his conscious self. 

In the first instance, certainly, the introspectionist's 
ejcplanatory model applies only to his own behaviour not to 
others'. But once, in his own case, a pattern of connections 
has been forced on his attention, the idea of that pattern 
will dominate his perception in other cases where the 
connections are not openly on show. Once, in his own case, 
an outer effect has been seen to have an obvious inner 
cause, the idea of that cause will help him to make sense 
of situations where the effect alone can be observed. Cover 
the face in Figure 1, and try not to imagine the face in 
Figure 2. Notice that a fire in your own private hearth 
causes smoke to issue from your chimney, and try not to 
imagine that the smoke coming from the house across the 
road implies the presence of a fire within. 

Thus the introspectionist's 
privileged picture of the 
inner reasons for his own 
behaviour is one which he 
will immediately and natur- 
ally project on other people. 
He can and will use his own 
experience to get inside 
other people's skins. And 
since the chances are that 
he himself is not in reality 
untypical of human beings 
in general — since the 
chances are that, just as 
from house to house there 
is generally no smoke with- 
out fire, so from person to 
person there is generally no 
looking in the larder with- 
out hunger, no running 
away without fear, no rage 

without anger, etc — this 
kind of imaginative projec- 
tion gives him an explana- 
tory scheme of remarkable 
generality and power. 

Thomas Hobbes in the 
Leviathan made the point, 
as few philosophers since 
then have dared to "[Assum- 
ing on] the similitude of the 
thoughts and passions of 
one man to the thoughts 
and passions of another, 
whosoever looketh into him- 
self, and considereth what 




Thomas Hobbes: "whosoever looketh into himself shall know 
the thoughts and passion of all other men" 



he doth, when he does think, opine, reason, hope, fear &c 
and upon what grounds he shall thereby read and know 
what are the thoughts and passions of all other men upon 
the like occasions." 

Let us return then to the age old human play. Scattered 
among the population of unconscious behaviourists, there 
arose in time these conscious prodigies. Soon enough an 
unconscious Watson would find himself up against a 
conscious lago, an unconscious Skinner would find himself 
laying suit to a conscious Portia . . . Natural selection 
was there to supervise their exits and their entrances. 

It was clear where the story for the human species had 
to end. 

But for the rest of the animal kingdom? As the bias of 
my story must have shown, I am not convinced that any 
other species has followed the same path to consciousness 
as man. But studies of the social systems of other species 
are not far advanced, and studies of how individual 
animals themselves do their psychology have hardly begun. 
It may yet turn out that there are, in fact, non-human 

species whose social systems 
rival the complexity of man's; 
it may yet turn out that indi- 
viduals of those species are, 
in fact, making use of ex- 
planatory systems which 
bear the hallmarks of a 
mind capable of looking in 
upon the inner workings of 
the brain. Stories have been 
wrong before. The cat, we 
know, does not walk by it- 
self. But the rhino? Nothing 
suggests that the rhino gets 
inside another rhino's skin. 

Meanwhile, for the ob- 
vious candidates — the social 
carnivores, the great apes — 
there will be biologists who 
in fairness want to leave 
the question undecided. Un- 
decided, but not undecid- 
able. In medieval England a 
jury could bring in four 
alternative verdicts at a 
trial: Guilty, Not Guilty, 
Ignoramus (we do not 
know), Ignorabimus (we 
shall not know). 

"Ignorabimus" would be 
a counsel of philosophical 
despair. "Ignoramus" is the 
proper verdict for biolo- 
gists. For if consciousness 
has evolved we shall know 
it by its works. □ 
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The skies of Babylon 



Ancient Babylonian astronomers carefully recorded the motions of the Sun, Moon and planets, and 
took special note of eclipses. Their records are proving invaluable to both astronomers and geophysicists 



First sight of crescent Moon was a major event each month 



Richard Astronomical 
Stephenson research to- 
day often 
seems to require the latest 
in technological hardware, 
whether it is a new elec- 
tronic light detector or an 
X-ray observatory in Earth- 
orbit. Yet astronomy, the 
most futuristic of sciences, 
is also the science which 
can draw most benefit from 
the thousands of years of 
past records which have 
come down to us from past 
civilisations. Ancient astron- 
omers recorded what has 
actually happened in the sky, 
and where and when par- 
ticular events like eclipses 
could be seen. Some of the ^ 
most useful observations 0 
come from the Babylonians, ^ 
authors of the great civili- ^ 
sation which flourished in 
what is now Iraq during 
the last two millenia bc. 

The Babylonians were the astronomers par excellence 
of the ancient Near East. Yet until a century ago we 
knew very little about their preoccupation with star- 
gazing, and that knowledge was gleaned entirely from 
secondhand sources. Several Greek and Roman WM-ks, 
as well as the Old Testament, give us a rather sketchy 
outline, and show a definite emphasis on astrology rather 
than "scientific" astronomy. The great Greek-Egyptian 
astronomer Claudius Ptolemy hinted at the scale on 
which astronomy was practised in Babylon. Writing in 
the 2nd century ad, he stated that he had access to 
almost complete observations of eclipses going back to 
the reign of Nabonassar (747 bc). However, in his 
Mathematik4 Syntaxis (better known now as the Alm,a- 
gest), Ptolemy cites only about half a dozen actual 
examples. This brief list was to remain the simi total 
of preserved Babylonian observations for more than 
1700 years. 

Recently-excavated Babylonian texts indicate that after 
many centuries of systematic observation, the pursuit of 
astronomy died out in Babylon towards the end of the 
1st century ad. This interpretation fits in well with the 
gradual decay of Babylonian civilisation, as related by 
the classical Greek and Roman writers. Alexander the 
Great captured Babylon in 331 bc, and the city entered 
its "Hellenic" (Greek) period. But Babylon soon after- 
wards suffered a disastrous blow from which it never 
recovered: around 275 bc, much of the population was 
forcibly transferred to the newly founded capital city 
of Seleucia. A little more than two centuries later, 
Diodorus Siculus reported that Babylon had largely be- 
come a ruin. Only a small part of the city was inhabited; 
the remainder being given over to agriculture. This 
theme of degeneration was echoed by the geographer 
Strabo, who in 24 bc remarked that "the great city is 
a great desert". When the Roman Emperor Trajan win- 
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tered there in ad 116 he 
found nothing except ruins. 
Not long afterwards, Baby- 
lon had become a lost city. 
It was not rediscovered 
until the 18th century. 

Practically all our present 
knowledge of Babylonian 
astronomy has come from 
the discovery and decipher- 
ment of cuneiform texts — 
Babylonian "writing" in the 
form of groups of narrow 
triangles carved on stone or 
impressed into clay tablets. 
The Neapolitan traveller 
Pietro della Valle stimu- 
lated interest in cuneiform 
inscriptions when he visited 
the ruins of Persepolis in 
the early 17th century. He 
studied some of the groups 
of wedges carved on pillars, 
and sent copies back to 
Europe. Georg Grotefend, a 
German high school tea- 
cher, took the first steps 
in deciphering this writing. In 1802 he accepted a dare 
from a friend, and managed to uncover the meaning of 
several signs. A few decades later, British diplomat Sir 
Henry Rawlinson achieved spectacular success in inter- 
preting the Babylonian symbols, aided by his extensive 
knowledge of modern Persian. By the 1850s, cuneiform 
studies had become a mature discipline. 

The first cuneiform texts containing astronomical infor- 
mation began to be found in the 1870s. The discovery 
was completely accidental. Gangs of workmen, pillaging 
the ruins of Babylon for bricks to re-use in modern 
construction, unearthed large numbers of clay tablets. 
Some of these tablets found their way to antique dealers 
in nearby Baghdad, where they were largely bought by 
the British Museum. Only a very few texts were ever 
purposely excavated. 

Experts believe that only about 5 per cent of the 
original material has so far been aooouinted for. We do 
not know whether the rest was destroyed or if some has 
still to come to light. Practically all of the extant astro- 
nomical tablets — some 1500 in all — are now in the 
British Museum: only a few tens are elsewhere. They 
are generally broken into fragments, and because of this 
less than half the tablets have so far been dated. Trans- 
lations of only a few selected texts have been published 
and very few have heard of them. 

With a few notable exceptions, the texts which can 
be dated are all fairly late, after 750 bc. The earliest 
material (which in fact exists only in the form of later 
copies) relates to the first and last calendar dates when 
Venus was visible, in each appearance of the planet. 
These observations cover the reign of a single king, 
Ammisaduqa, who probably reigned about 1700 bc. As 
yet, we have not been able to establish the actual dates 
by comparing the record with calculations of Venus's 
appearances around that time, partly because of scribal 
errors which sometimes produce impossible figures. 
After the Venus tablets of Ammisaduqa, there are no 
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further Babylonian astronomical observations of any kind 
until the 8th century bc. The gap ends with a tablet 
that probably dates from 747-45 bc, which records details 
of consecutive lunar eclipses over three years, which is 
probably the period 74745 bc. This tablet would then be 
the earliest known astronomical text from the later 
period, corresponding to the first three years of the reign 
of Nabonassar. Another tablet, this time bearing a well- 
preserved date, reports an attempt to make a prediction 
of a lunar eclipse in the first year of Nabu-mukin-zeri 
(731 BC). This particular eclipse failed to happen. In- 
creasing numbers of texts are extant from 700 bc on- 
wards, right up to the very latest known Babylonian 



In this graph covering the last 
seven centuries bc, a black bar 
shows that at least one 
fragment of Babylonian tablet 
has survived from that year. 
The dates start at -700 (701 
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seven lines up to the year 0 
(1 BC). We have fragments 
from more than 180 different 
years, but the total time 
covered adds up to only a few 
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fruits of research by A. J. 
Sachs (Philosophical 
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Society Series A, vol 276, p 43) 



months was thus only 354 days long, falling some way 
short of the true solar year. Every two or three years, 
the Babylonians had to insert an extra month to keep 
their calendar roughly in step with the seasons. Until 
the beginning of the reign of Seleucus I (311 bc), the 
Babylonians counted years from the accession of each 
ruler, so there was no continuous count of years. This 
was a common practice in the ancient world, and has 
frustrated present-day historians. The successors of 
Seleucus I continued to use the start of his reign as 
their reference. In fact, some parts of Western Asia 
still count years from the Seleucid Era, for example in 
Syrian-speaking churches in Iraq and Coptic churches in 




observations in 41 bc. However, we have several later 
almanacs, predicting planetary positions, right down to 
AD 75. Regular astronomical observations probably con- 
tinued to this date. 

From the later texts, experts have built up a fairly 
detailed picture of Babylonian astronomy. Over the seven 
centuries or so covered by the surviving tablets, we find 
a gradual evolution in both the accuracy and regularity 
of observation. However, we have no means of tracing 
the early history of astronomy in Babylon. There is a 
tradition dating from the Hellenistic period that King 
Nabonasser (like Emperor Ch'in Shih-huang in China) 
destroyed the historical records of his predecessors. 
Whether this is true or not, the few surviving texts from 
the 8th century bc reveal an already fairly advanced level 
of both skill and organisation. Just how many centuries 
this took to develop we cannot say. 

The Late Babylonian (later than 747 bc) observational 
texts fall into three main categories. The most numerous 
tablets are astronomical diaries which contain a month 
by month record of all kinds of observation. Two other 
classes of text contain material abstracted from the 
diaries, and these date mainly from the Hellenistic 
period. This material was clearly to be used for predict- 
ing the future positions of the planets. The second cate- 
gory consists of the many tablets devoted to lists of 
specific types of observation. These contain sightings of 
particular planets or lunar phenomena such as eclipses. 
Goal-year texts, which give a direct insight into methods 
of prediction practised by the Babylonians, form the third 
category. To predict the astronomical phenomena for a 
given year, they combined data on the eclipses of 18 years 
before with those on the movements of Venus made eight 
years previously, and so on for the other planets. 

Before discussing the content of the observational 
texts in detail, it is important to discuss the form of 
the Babylonian calendar, as revealed by these same 
tablets. The Babylonian calendar was luni-solar: it 
marked time by actual lunar months, the interval of about 
29' 2 days from new Moon to new Moon. The year of 12 



various parts of Egypt. 

The Babylonian new year began on the first day of 
the month Nisanu, and it was always in the spring, 
corresponding to our March-April. The addition of an 
intercalary month every two or three years to keep 
Nisanu in the spring season was at first done rather 
haphazardly, although the additional month always fol- 
lowed Ululu (the 6th month) or Addaru (12th month). 
Early in the 4th century bc, a 19-year cycle (also in use 
in Greece) came into use for calendar regulation. Nine- 
teen is the smallest whole number of years for which 
the total number of days is the same as the number of 
days in an integral number of months. The agreement 
is fortuitous, but very good. The interval between one 
spring equinox and the next is called a tropical year; 
and 19 tropical years is 6939-60 days. This is very close 




An unusuclly-well 

■preserved clay tablet 
records in cuneiform 
"wedge" characters the 
predictions for celestial 
phenomena in the year 
118 BC It also details 
Babylonian observations of 
the total solar eclipse of 
15 April 136 bc 



to exactly 235 lunar months which comes to 6939- 69 
days. As 19 years of 12 lunar months contain 228 
months, the Babylonians had to insert seven extra 
months in every 19 year period. 
From earliest times, the Babylonians began each month 
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with the first visibility of the young crescent Moon in 
the evening sky, as in the Islamic calendar today (New 
Scientist, vol 94, p 854). In the first few centuries of 
the period covered by the texts it seems likely that a 
watch was kept for the crescent at the close of the 29th 
day. If observers saw the Moon, then the new month 
began immediately. However, if the crescent was not 
visible for any reason (including unfavourable weather) 
then the new month began the following evening. Hence 
months lasted either 29 or 30 days, and were called 
"hollow" or "full" respectively. During the Hellenistic 
period the astronomers developed some sort of empirical 



intervals immediately after full Moon; timing lunar 
eclipses when they occurred and estimating the fraction 
of the Moon covered at greatest phase; and timing close 
approaches of the Moon to the planets and to some 30 
ziqpu or reference stars and estimating the angular sep- 
aration at closest approach. In the case of the planets, 
the Babylonian astronomers recorded dates of heliacal 
rising or setting (when a planet draws near to the Sun 
and disappears from view, and when it first reappears 
separate in the morning sky from the Sun) as well as con- 
junctions with these same ziqpu stars. 
There are also some non-astronomical phenomena re- 



The cuneiform tablet records the first visibility of the 
crescent Moon every month; pictured below is one of 
the narrowest Moon crescents photographed, taken 
only 2O4 hours after new Moon. Babylonian 
astronomers used these observations to keep their 
calendar which was based on lunar months 




rule for predicting whether the crescent should have 
been visible. Apparently this was used for deciding the 
length of the month when cloud or severe mist prevailed 
on the 29th day. Modern calculation shows that on these 
occasions they did predict the visibility of the crescent 
rather accurately. 

A typical Babylonian diary reports astronomical obser- 
vations in a fairly well-defined pattern. The emphasis was 
quite definitely on the Moon and the planets; and the 
main motive was to improve the prediction of lunar and 
planetary phenomena in the future. Sporadic and un- 
predictable events, such as meteor showers, comets and 
aurorae seem to have aroused little interest. The monthly 
lunar programme was particularly detailed. It involved 
watching for the Moon at its first and last visibility each 
month, and measuring the interval between sunset and 
moonset or moonrise to sunrise; measuring two time 
intervals (moonrise to sunset and moonset to sunrise) 
immediately before full Moon and the reciprocal 



corded in these diaries. The astronomers regularly noted 
aspects of the weather such as cloud, mist, rain and 
wind, especially when they interfered with astronomical 
observing, and seem to have taken special notice of rain- 
bows and haloes. If compiled in sufficient quantity, these 
data might prove of use to modem climatologists. Other 
more mundane information relates to the quantities of 
a variety of commodities which could be bought each 
month for one shekel of silver, and measurements in 
the change in the level of the Euphrates at Babylon. 

Ancient Chinese and other Far Eastern reports of new 
stars have been much in the news recently, especially 
their sightings of supemovae. The late Babylonian tests 
do not, however, contain any sighting of "new stars". 
This must be partly due to the short period of time 
actually covered by the surviving texts — only a few 
decades in total over 700 years from. 750 bc to 50 bc 
when we add the scattereil observation together. But 
the Babylonian astronomers' general lack of interest in 
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non-repeating phenomena may also be to blame. A typi- 
cal Far Eastern astronomical treatise devotes many pages 
to accounts of meteor showers and the fall of individual 
bright meteors: in Babylon, the records are silent. The 
Chinese were never restricted by a rigid observing pro- 
gramme. 

Although they tell us nothing of past novas or super- 
novae, some Babylonian observations are of considerable 
importance to modern astronomy. These relate to lunar 
and solar eclipses. Helped by crude predictions, the 
Babylonians timed the beginning of the eclipse in rela- 
tion to sunrise or sunset, whichever was nearer. They 
must have used some type of clepsydra (water clock), 
although we know virtually nothing about the design of 
such devices. Time intervals were estimated to the 
nearest ms (an interval of about four minutes), the time 
taken for the celestial sphere to turn through one 
degree. Because the tides are breaking the Earth's rota- 
tion, the length of the day is gradually increasing, at 
a rate of about two milliseconds per century. The day 
in Late Babylonian time was thus about 50 milliseconds 
shorter than present. Although the difference is small, 
so many days have passed since then (some 900 000 in 
total) that the accumulated clock error is large. As a 
result, a present day calculation of the time of day of an 
eclipse observed in Babylon would be several hours in 
error if we made no allowance for the variation in the 
Earth's rotation. 

This shows itself in the following kind of example. 
Suppose we assume that the day which is determined by 
the speed at which Earth rotates on its axis has remained 
the same length since Babylonian times. We work back- 
wards from the present to calculate at what time of day 
the eclipse happened on a particular date, corresponding 
to one of the observations recorded by the ancients. We 
find that an eclipse of the Moon should have occurred not 
long before midnight, and yet the Babylonians saw it begin 



just after sunset. Such discrepancies allow us to calculate 
the rate of increase in the length of the day. 

Comparison of modern calculations with the Babylo- 
nian eclipse records gives an excellent figure for the 
average rate of lengthening of the day over the past 
2500 years. It works out at 1-78 milliseconds per cen- 
tury. The uncertainty in this figure is about 0-14 ms, 
and it arises not so much from inaccuracies in the Baby- 
lonian measurements but more from uncertainties in the 
modern estimates of the rate of expansion of the Moon's 
orbit. Because the visibility of an eclipse depends on the 
Moon's motion as well as the Earth's rotation, we must 
determine this quantity accurately. Beliable results 
should be available over the next few years from accu- 
rate range-finding which involves reflecting beams off 
mirrors left on the Moon by the Apollo astronauts and 
unmanned Russian probes. Only then will the full poten- 
tial of the ancient data be realised! 

Perhaps the most important conclusion of this investiga- 
tion is evidence that the Earth is not slowing down as fast 
as would be expected. The argument goes as follows: if 
the change in the speed of the Earth's rotation was due 
only to the tides, then the day should lengthen by more 
than 1-78 milliseconds per century — the figure would be 
more like 2-5. 

This slight discrepancy must be accounted for, 
geophysicists think, by changes in the way mass is distri- 
buted inside the Earth. The mass must be gradually be- 
coming more concentrated nearer the centre. To keep the 
books straight as far as angular momentum is concerned, 
the Earth must speed up to compensate, and this partially 
offsets the tidal slowing. So as a result of their painstaking 
observations, the ancient Babylonian astronomers have 
unknowingly made an important contribution to modem 
knowledge about the Earth itself. □ 



Is your chemical plant ready for the LASER ? 



From separation to purification, lasers offer tantilizing 
potential for processing chemicals and materials. 

If you process chemicals or materials you must considef ttie laser as a potential tod in your operations 
The laser can separate, purify, and sustain chemical reactions, tor example. In fact, there are at least 320 
chemical reactions that have been produced via laser chemistry. 

For example, lasers might hoW the key to nemcMng NOx combustion hy-producis betore they become 
almasptienc pollutants Or they might be used to purify bofwi trichkxide. a key dopant in the electronics 
industry Then too. lasers might end up in systems to remove impurities such as hydrogen sulfide or car- 
bon disulfide from synthesis gas 

That's |ust the beginning and a new study by TechnKd Insights. Iik . gives you a complele technical 
assessment of this field, II is Til s sixth report in a senes on emerging technotoges. 

This reporl-"Las8r ChernMry— Where and how the laser b« usad b pnaass Gtwncals and im- 
Mali." v^ill tell you about many successes already achieved using the laser It will tell you where lasers 
can be applied to control chemical routes, in radioactive waste treatment, lor photoions lor semiconduc- 
tors, in reactive ion etching, and even in teer biochenKslry. 

The study contains an extensive reference system involving the technical literature and the patent litera- 
ture In tact, it can be used to locate more than 178 key literature pieces and more than 80 key patents. 

One particularly useful feature is the listing (full chemical equatons) of more than 320 chemical re- 
actions that have been produced via laser chemislry The literature reference for these reactions is also 
included 



"Later Chsinlttrv— Whtri and how the latar will b« utad to procaii chamicali and 

matarlals," is a detailed report on the status of this technology, its aim is to show the technical 
manager how and when lasers might fit into his industrial operation The report contains over 
200 pages with emphasis on the present and future application of lasers to chemical and mate- 
rials processing It is spiral bound in SVz ' by 11 ' format It is available immediately lor $465 



Ratum to; 

Room 2816 
King's Reach Tower 
Stamford Street 
London SEl 9LS 
Please send me a copy of 
LASER CHEMISTRY. My check 
or purchase order is enclosed. 
(Foreign purchasers please add 
$15 lor air mail postage.) 
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A cuneiform 
astronomical diary 
for the year 150 BC 
contains a vivid 
account of the total 
solar eclipse which 
occurred on 15 April 
that year (above). 
The Babylonians 
also recorded lunar 
eclipses, such as the one that began 12 minutes before 
sunrise on 3 November in the year 240 bc (above right). 
From such eclipse records, astronomers have calculated 
the rate al which the Earth's rotation is slowing down, 
due to the tidal effect of the Moon and the redistribution 
of matter inside the Earth 



Small computer friendlir 
HP's new computers 



Whether it's laboratory testing, production 
automation, engineering design or computation, 
Hewlett-Packard's newest computer systems put high- 
powered engineering performance into easy-to-use 
workstations. So you can solve your applications 
problems just the way you want to, and a lot sooner 
than you might have thought possible. 

The HP 9826 for high-speed test 

Designed specifically for I/O-intensive instrument 
and control applications, the 9826 uses the powerful 
new MC 68000 chip for ultra-fast data transfer and 
number crunching. It has 512K bytes of read/write 
memory, and supports HP-enhanced BASIC, HPL, 
even Pascal. With a variety of features built into the 
computer - including I/O ports and drivers, a flexible 



disc, advanced datacomm., CRT and graphics - you': 
free to concentrate on testing, not on system con- 
figuration. Which means you can get your solutions 
up-and-running in days, instead of weeks or monthd 
The HP 9826. System prices start at £5,131* ^ 

The HP 9845 for high-performance design] 

The HP 9845 comes in 14 different configurations; 
covering a wide range of capabilities and options, to 
meet your precise needs. These include advanced 
datacomm., sophisticated graphics, colour display, 
dramatic speed improvements and up to 448K bytej 
of read/ write memory. You can also add hard discs, 
printers, plotters and other peripherals to tailor the 
system even more exactly to your application. 

The HP 9845. System prices start at ;C9,295.* 




^ss V. hig computer power, 
end the compromise. 



All of our computers are backed by HP's 
worldwide service organisation. 

For more details about Hewlett-Packard's friendly, 
powerful new computers, just post the coupon. 

Or simply call your local HP office. 

Hewlett-Packard Ltd, Winnersh, Wokingham, 
Berks., RGll 5AR Tel: Wokingham (0734) 784774. 

* I'riccs arc correct at the lime of going lo press. 
Prices exclude I 'ATanJ arc suhjeci u> change a ithoui itoiice. 



Local HP offices are also at BrUlol(0272 736806), Redhill (0737 68655). Southampton (04218 6767), 
London Colnty (0727 24400). .'iltrincham (061-928 6422). .Solihull (021-745 HSOtll. Wakefield (0924 
S95566/. South (Jueiwfeny - .Scotland (031-331 1188). Dublin - Ireland ((XXII 608800). 
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PACKARD 



l~Send to Hewlett-Packard Ltd, W innersh, Wokingham, Berks., RGll SAr"} 



I HPs friendly, powerful new computers. 

I Please send me details on: HP 9826 □ HP 9845 □ 

j Please ask a representative to call me for an appointment □ 
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Sex hormone links handedness and the immune system 



THE RESULTS ot a survey pub- 
lisbed tliis month suggest that 
left-handers are, on average, 
around 12 times more likely to 
suffer from learning disorders, such 
as dyslexia, than right-handers. This 
association has been found in sev- 
eral studies, but the most recent one, 
conducted by Norman Geschwind at the 
Beth Israel Hospital in Boston and Peter 
Behan in Glasgow claims that left-hand- 
edness is also linked to a higher inci- 
dence of diseases associated with the gut 
and immune system. The link, Gesch- 
wind and Behan suggest, is the male 
hormone, testosterone (Proceedings of 
the National Academy of Sciences, vol 
79, p 5097). 

At first sight the human brain appears 
to be symmetrical, and for simple sensa- 
tions and movements it is. For example, 
without exception the left-hand side of 
the brain controls the movement of and 
is first to receive sensory information 
from the right-hand side of the body 
(and vice-versa). However, when looked 
at more closely this symmetry exists only 
at a superficial level. An obvious behav- 
ioural indication of a functional asym- 
metry is the existence of handedness in 
humans, implying that for most people 
one side of the brain (usually the left) 
specialises in fine motor controL 

It is now known that Ois kteralisa- 
tion of function extends to many ci^ni- 
tive rtUities. In around 90 per cent of 
the population the left hemisphere 
spedaltees in the comprehension and 
production of speech, while the right 
dominates over the left in its ability to 
recognise faces and objects seen from 
odd angles and to resolve odier spatial 
proUems. Furthermore, there is a good 
deal <tf evidence associating unusual pat- 
terns of hnnispheric dominance with the 
inddence of learning problems and lef t- 
handedness. For example, a recent study 
made by Michael Galaburda and his col- 
leagues in Geschwind's department has 
described a number of developmental 
abnormalities on the left-hand side of 
the brain of a dyslexic (Archives of 
Neurology, vol 39, p 333). 

Both left-handedness and learning dis- 
orders are more common in boys than 
girls. So Geschwind argues that sex hor- 
mones must play a crucial role in the de- 
velopment of hemispheric specialisation. 
He goes on to point out that left-right 
differences in cognitive specialisation 
are much greater in males than in fe- 
males. For example, although boys are 
usually slower than girls in their linguis- 
tic development, in adults a far larger 
area of the left hemisphere appears to 
be devoted to language in men than in 
women. Some years ago Sandra Witel- 
son used a simple behavioural test to 
assess the relative participation of the 
two hemispheres in tasks involving spatial 
and tactual perception. She found that in 
boys, right hemispheric spedalisatioo 
could be demonstrated as eariy as 6 



years, whereas in girls left-right differ- 
ences did not appear until alMmt the age 
of 13. 

Geschwind suggests that in males the 
normal growth of the left side of the 
brain is delayed by the presence of tes- 
tosterone. Possibly the female sex hor- 
mone, oestrogen, controls the develop- 
ment of cognitive speciaUsation in fe- 
males since oestrogen-sensitive nerve 
cells have been found in both hemi- 
spheres in new-born rats, but not in 
adult brains. Thus, Geschwind argues, 
hormonal abnormalities could have 
subtle effects on patterns of hemispheric 
specialisation and cognitive development. 




Indeed there is a good deal of indirect 
evidence which suggests that this part 
of the hypothesis is correct. A recent re- 
port in the New England Journal of 
Medicine (vol 306, p 1202), for example, 
described the impairment of spatial abili- 



ties in men suffering from male hormone 
deficiency syndrome, idiopathic iiypogon- 
adotropic hypogonadism. 

Hypogonadotropic hypogonadism may 
provide a link with one of the other 
curious findings of Geschwind and Be- 
han's survey — the high incidence of auto- 
immune disorders among left-handers. 
Many of these individuals suffered from 
inflammatory diseases of the bowel and 
gut, such as coeliac disease and ulcera- 
tive colitis, which are generally thought 
to arise as a result of the immune sys- 
tem's failure to recognise, and then ig- 
nore, specific organs in the body. Gesch- 
wind argues that the development of 
immunocompetence (the ability of the 
immune system to distinguish between 
self and non-self) may also be controlled 
by sex hormones. However, the recent 
work of M. J. G. Farthing of Tufts Uni- 
versity School of Medicine in Massachu- 
setts and his colleagues at St Bartholo- 
mew's Hospital in London (Gut, vol 23, 
p 608) shows that coeliac disease and 
hypogonadotropic hypogonadism often 
occur in the same patients, and they 
suggest that the immune defect may 
cause the shortage of hormones rather 
than the other way round. 

Be that as it may, the work of Gesch- 
wind and Behan could provide a clue to 
the development of asymmetries in the 
brain, and to the types of behaviour 
they control. □ 



Cadmium— no cause for complacency 



ANEW ASSESSMENT of the health 
risks from cadmium in the environ- 
ment brings worn,ing news for the resi- 
dents of Shipham in Somerset. The 
village hit the headlines three years ago 
when a government survey revealed high 
concentrations of cadmium in the garden 
soils of houses built on old mineral 
workings. Subsequent government state- 
ments said that there should be no 
health risk, even tor people eating 
vegetables grown in the contaminated 
soils. And so far doctors have not 
detected any increase in death rates 
among the villagers (New Scientist, vol 
94, p 647). 

But a review of cadmium in the 
environment by the Monitoring and 
Assessment Research Centre (MARC), 
based at Chelsea College, University of 
London, casts doubt on those reassur- 
ances. It suggests that civil servants who 
argued unsuccessfully that garden soils 
in the village should be replaced may 
have been right. The MARC report. 
Cadmium in the European Community, 
concludes that a likely threshold of 
cadmium absorption in the body above 
which kidney failure would occur after 
50 years continuous exposure is around 
10 micrograms per day. 

Diet tests conducted in Shipham in 
1980 suggest that some residents of that 
village may be among the small fraction 
whose kidneys are at rislt. According to 
tin 1980 report of tlw gDvemment's 



Shipham Survey Committee, residents 
took as much as 120 micrograms per day 
in their diets. That, assuming a 10 per 
cent absorption rate, means a daily bodily 
dose of 12 micrograms. Smokers might 
absorb up to 15 fig per day. 

The report predicts a further growth 
in the general level of cadmium in the 
environment throughout Europe. Total 
discharges are currently around 3400 
tonnes per year. Less than I per 
cent of this is from natural sources — 
mainly volcanoes. Ninety per cent is dis- 
charged to land mainly through waste 
tipping of products containing cadmium. 
Industrial discharges to rivers are the 
principal source of water contamination. 
Iron and steel vmda emit most cadminm 
to the air. 

But more important for human con- 
sumption are the 350 tonnes spread on 
Europe's farmland in phosphate fer- 
tilisers and the 130 tonnes deposited in 
sewage sludge. New rules under con- 
sideration by the EEC for limiting 
cadmium content of sludges spread on 
farms would make most British sludge 
spreading operations illegal. 

But, says the report, most of the worst 
cadmium "hotspots" are close to old lead 
and zinc mines — both of which bring up 
cadmium with the other metals. Spoil 
heaps, like those on which new housing 
has been built at Shipham in the past 
20 years, are probably most dangerous 
of an. □ 



Copyrighted material 



New Scientist 19 August 1982 



485 



M 



O 



N 



T 



O 



R 



Early animal husbandry at Lake Turkana 



AN UNANSWERED question of Afri- 
can prehistory is the date when 
cattle, sheep and goats were first intro- 
duced from northern Africa, where they 
were first imported, into southern and 
eastern parts of the continent. Archaeo- 
logists now agree that hunter-gatherers 
and fishers in sub-Saharan Africa were 
keeping domestic stock earlier than was 
once believed possible. Now new 
archaeological data from Late Stone Age 
lakeside settlements east of Lake Tur- 
kana in northern Kenya point firmly to 
a date of around 450O years ago for the 
first appearance there of domestic stock 
(Nature, vol 298, p 523). 

The eastern shores of Lake Turkana 
have provided camp sites for hunting 
and gathering peoples for two million 
years, perhaps longer. The earliest 
human fossils and stone tools have 
attracted most of the recent research 
effort and public attention, but a multi- 
national team led by R. B. Owen of 
Queen Mary College, London, is one of 
several groups looking at the more 
recent lakeside inhabitants and their 
aquatic and land environment. As part 
of their study of the ecology and water 
levels of Lake Turkana between 10 000 
and 3000 years ago Owen, with his col- 
leagues J. W. Barthelme, R. W. Renaut 
and A. Vincens, also investigated 
several Late Stone Age sites near the 
famous hominid collecting area of Koobi 
Fora. 

These scientists confirm that around 
8500 years ago the level of the lake was 
up to 80 metres higher than it is today. 
The local inhabitants fished with barbed 
bone harpoons. They also made tiny 



stone tools (microliths) and pottery, and 
they threw away fish bones and remains 
of crocodiles, hippo and several land 
mammals. In other words, they were 
typical Late Stone Age hunter-gatherers 
and fishers. 

Between 800O and 4000 years ago the 
level of the lake fluctuated a good deal 
but it probably did not drop to its 
modern low level. By 4000 years ago it 
was high once more. By then the lakeside 
dwellers had started to herd livestock. 
There are bones of domestic animals at 
the settlements but few remains of wild 
animals. However, the people still fished, 
though how they caught fish is unknown 




The el-MoLo still fish Lake Turkana today 



because Owen and his team did not find 
any bone harpoons at their encamp- 
ments. After 3000 years ago the lake 
gradually contracted and became the 
alkaline body of water it is today. There 
are still fishermen on its shores. 

Archaeologists will regard 4500 years 
ago as early for the domestication of 
animals in the East African Rift Valley, 
but it is not unexpected because pre- 
liminary data from other sites in the 
Lake Turkana area had pointed that 
way. The date is based on several good 
radiocarbon determinations of bone and 
charcoal found at the encampments, 
which give it a strong measure of relia- 
bility. 

By contrast archaeologists are treat- 
ing with scepticism the much earlier 
date of around 14 000 years claimed by 
American archaeologist Charles Nelson 
for evidence of pastoralism further south 
at sites near Nairobi. This date remains 
suspect, despite its general airing last 
year in Richard Leakey's book and tele- 
vision programme The Making of Man- 
kind. The identification of the mammal 
bones in question is uncertain, and the 
radiocarbon determination was based on 
only one bone sample. 

Archaeologists can only guess at how 
domestic stock came to the Turkana area. 
The animals could have been brought 
by people migrating from the Sahara 
and Sahel which, by 5000 years ago, had 
started to dry up and become unsuitable 
for cattle. Or the animals could have 
been introduced to the indigenous people 
around Lake Turkana by cattle pastora- 
lists who had moved into Ethiopia from 
the desert areas of the Upper Nile. □ 



A vote of confidence for quantum mechanics 



lyHE LATEST results that test the 
■■• validity of quantum mechanics, the 
theory of sub-atomic behaviour, come 
down firmly in its favour and against the 
so-called "realistic local theories", which 
seek to overcome certain philosophical 
diflBculties with quantum mechanics. 
Alain Aspect, Phihppe Grangier and 
Gerard Roger, from the University Paris- 
Sud, have performed an experiment that 
more closely follows the famous 
Einstedn-Podolsky-Rosen^ohm "thought 
experiment" than have previous attempts 

(Physical Review Letters, vol 49, p 91). 

In 1935 Albert Einstein, together with 
Boris Podolsky and Nathan Rosen, pro- 
posed a "thought experiment" in which 
measurements are made on two halves 
of an atomic system as it flies apart. 
According to quantum mechanics the act 
of measuring the momentum, say, of one 
part influences the result obtained for 
the other part, suggesting a sort of 
"action at a distance", which some 
physicists find unsatisfying in a physical 
theory. The class of realistic local 
theories includes all those that attempt 
to overcome this diflBculty. 

However, theorist John Bell has 
shown that such theories always lead to 



certain inequalities, expressions that put 
upper and lower limits on the amount 
of correlation between the two results 
of the thought experiment. Quantum 
mechanics, on the other hand, makes 
predictions that do not satisfy Bell's 
inequalities. Thus the inequalities pro- 
vide a means of testing quantum 
mechanics against realistic local 
theories, at least in principle. 

In 1952, David Bohm, a physicist at 
Birkbeck College, London, suggested a 
variation on the original thought experi- 
ment that fortunately makes it practic- 
able : he proposed measuring the spins 
of two particles emitted by an atomic 
system. Specifically, what was to be 
measured was the orientation of the axis 
of each particle's intrinsic spin. The ex- 
periment is still difficult to put into prac- 
tice, but several attempts have been 
made. The results generally do not satis- 
fy Bell's inequalities, thus supporting 
quantum mechanics rather than the 
realistic local theories. 

These earher experiments remain 
open to certain criticisms, however, 
which Aspect and his colleagues believe 
they have now overcome. Their basic 
technique is to measure the polarisation 



(eff'ectively the spin) of two photons 
emitted during a transition in an atom 
of calcium-40 previously excited by laser 
radiation. In their most recent work the 
researchers have introduced "two- 
channel polarisers", which transmit pho- 
tons polarised parallel to the polariser 
and reflect at 90° those perpendicular to 
it. This means that the apparatus de- 
tects photons polarised both parallel and 
perpendicular to the direction defined 
by the angle of the polariser, just as is 
required in Bell's inequalities; previously 
the researchers were able to measure 

only one sense of polarisation at a time. 

By measuring the number of times the 
two photons emitted by the calcium-40 
are polarised in the same and opposite 
senses, and repeating the measurement 
for four diflFerent orientations of the 
polarisers. Aspect and his colleagues 
determine all the quantities required in 
Bell's inequaUties. 

The results turn out to violate the 
inequalities to a greater extent than any 
previous data, and agree very well with 
the predictions of quantum mechanics. 
Thus, the researchers conclude "we are 
led to the rejection of realistic local 
theories". O 
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M O N I T O R 

The brush warbler and the island sanctuary 




SOMETIMES the desire to save a rare 
species conflicts with the equally 
laudable ambition to conserve the 
habitat in which it lives, and all the 
other wildlife that shares that habitat. 
This dilemma faces the tiny 27-hectare 
Cousin Island, 1500 km from the 
western edge of the tropical Indian 
Ocean, and home of the Seychelles brush 
warbler Acrocephalns sechellensis. The 
warbler just happens to prefer a form 
of vegetation — scrubland — that is by 
nature temporju-y, and in an ideal world 
would shortly give way to forest. But 
should one interrupt the natural re- 
generation of Cousin just to accommo- 
date the warbler's special needs? 

When John Crook of Bristol Univer- 
sity visited the Seychelles 23 years ago 
he could find only 30 brush warblers. 
With Bill Thorpe of Cambridge he 
mobilised the International Council for 
Bird Preservation, the World Wildlife 
Fund and the then Society for the Pro- 
motion of Nature Reserves (now Royal 
Society for Nature Conservation) in a 
concerted drive that culminated in 
January 1968 in the outright purchase 
of the island for ICBP as a nature re- 
serve. It remains the only internation- 
ally-owned nature reserve in the world. 
For the brush warbler, the move was a 
great success: now there are 300 indivi- 
duals, and the problem is no longer one 
of last-ditch species preservation but of 
population management. 
Just why the Seychelles brush 



warbler should be so restricted in distri- 
bution is not clear, for in morphology, 
taxonomy and habits it is only a slightly 
aberrant member of the widespread 
genus Acrocephalus, to which the 
familiar reed and sedge warblers of 
Britain also belong. Historically the 
species was known from Marianne 
Island, from Cousin and from Cousine, 
only a couple of kilometres away, where 
they are occasionally still seen. On 
Cousin it occupies all the terrestrial 
habitats and is a typical foliage- 
gleaning warbler. 

The story of the warbler's dramatic 
recovery is intimately linked with that 



of changes in the vegetation. Most of 
the original forest of Pisonia and 
Morinda trees on Cousin's flat land has 
been cleared and replaced with a 
plantation of coconuts, probably in the 
first decade of this century. When ICBP 
took over in 1968 the island was still run 
as a coconut plantation. Coconut trees 
are vulnerable to competition from the 
roots of other trees, so to maintain 
reasonable yields plantations had been 
kept clear of other vegetation by 
regular cutting. This policy left very 
little suitable habitat for the warblers, 
which were more or less confined to the 
swampy parts of the island. ICBP there- 
fore deliberately encouraged the native 
woodland to regenerate by halting the 
cutting of vegetation and discouraging 
germination of coconuts. 

Brush warblers feed on insects and 
they forage mainly in the native trees 
and shrubs, particularly Pisonia and 
Morinda, both of which have regenerated 
rapidly since ICBP took over. But it has 
long been clear that warblers maintain 
higher densities in the regenerating 
woodland than in mature forest. In addi- 
tion, in the last year or so it has been 
found that they have also invaded the 
coastal scrub to such an extent that they 
are more densely packed there than any- 
where else on the island. Thus, as scrub 
is succeeded by regenerating woodland, 
and woodland by mature forest, the 
warbler population could again decline. 

A decision will have to be taken soon 
between the needs of the birds and the 
re-creation of natural vegetation. To 
maintain as many warblers as possible it 
might be necessary to interrupt the 
natural succession of plants by clearing 
patches of forest and setting the clock 
back to the scrub stage. This would re- 
quire a great deal of labour and super- 
vision, and might also reduce the mas- 
sive populations of tree-nesting terns. It 
would certainly conflict with an impor- 
tant original objective — to restore the 
natural vegetation of the island. Cousin's 
tiny size leaves little room for error in 
the decision that must be faced. □ 

Cc, 



No taste of honey 

A SCIENTIST working in Latin 
America has discovered a species of 
"vulture bees" that collect dead flesh 
rather than pollen. The bees, a stingless 
species of social bees called Trigona 
hypogea, harvest flesh from dead animals 
apparently by coating it with an enzyme 
that breaks it down, then chewing and 
partly digesting it. Once back at the 
nest they regurgitate the substance to 
their fellow worker bees, who metabolise 
it. Finally it is secreted into the brood 
cells to serve as food for larvae. 

The scientist, David Roubik of the 
Smithsonian Tropical Research Institute 
in Panama, found T. hypogea in the 
course of a study of stingless bees. "I 
got curious when I opened the nest and 
didn't see any pollen in it." The storage 
pots in the nests contained something 
that was neither pollen or honey, but 
which chemical analysis proved to be 
20 per cent protein, a higher protein 
content than the "royal jelly" that is the 
end product of pollen-collecting bees. 
Roubik began to put two and two to- 
gether while watching the bees at work. 
"At Thanksgiving we put out the re- 
mains of the turkey and soon there were 
hundreds of bees on it. They reduce 
things to skeletons in a matter of 
hours." 

The sight of bees hovering around 
dead animals such as insects, snakes. 



»r flesh-eating bees 

monkeys, anteaters and fish, is not un- 
usual, but scientists had assumed that 
they were merely collecting liquid secre- 
tions from carcasses, perhaps to use as 
glue in building their nests. "No one had 
any idea that bees could supplement 
their protein diet with dead animals," 
says Roubik. 

In fact 7". hypogea is an obligate 
necrophagc — it relies entirely on dead 
animals for its food and is unable to 
collect pollen. Uniquely among bees, it 
has no pollen baskets and so would be 
unable to carry pollen. It is, however, 
equipped with big teeth on its mandibles, 
useful for getting flesh off carcasses. 

r. hypogea lives in lowland rainforest 
from the Amazon basin to Panama. Not 
having to rely on pollen could be a 
useful adaptation in a region where 
heavy rainfall cuts down on pollen- 
collecting opportunities. The bees seem 
to prefer amphibians, of which there are 
plenty in the wet forests in which they 
live, over other animals as prey. 

The discovery of carnivorous social 
bees also raises an interesting question 
about evolutionary relationships. Wasps 
are known to eat animals for protein. 
Bees are thought to have evolved from 
wasps, and social bees to be more 
"advanced" than solitary species. So 
where to place a species of highly 
socialised, necrophagous bees? □ 
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Single cells flex their molecular muscles 



IF A MOUSE wants to run, or a fish 
to swim, or an insect to fly, its nerves 
have only to issue the command and al- 
most instantaneously the contractile fila- 
ments of its muscle engage and the ani- 
mal moves. How different — apparently — 
from the simple amoeba, which, depend- 
ing on its species, can take several 
seconds or even minutes to extend a 
single pseudopod, its first "step" in 
the business of moving its shapeless 
mass from one place to another. Yet 
there is every reason to believe that 
amoebae move by the same molecular 
means employed by the muscles of 
higher forms of life. 

The great difference is that the con- 
tractile machinery of muscle is a fixed 
array of proteins ready for action as 
soon as the clutch (as it were) is en- 
gaged, whereas the machinery of amoe- 
boid motion congeals and dissolves ac- 
cording to subtle shifts in the condition 
inside the cell. This elusiveness diarac- 
terises all the most fundamental move- 
ments cells engage in (cell division be- 
ing the most fundamental of them all), 
and the challenge of finding out how 
such movements come about is attract- 
ing an increasing number of biologists. 
Among them are Frederick Southwick 
and John Hartwig at Harvard Univer- 
sity, in the laboratory of Tom Stossel, 
where molecule by molecule a picture of 
the amoeboid motor is beginning to 
emerge (Nature, vol 297, p 303). 

The Harvard biologists have focused 
on the macrophage — not a free-living 
amoeba but a small trapped one that is 
derived from the blood cells and roves 
the circulation scavenging cellular deb- 
ris, bacteria and other matter. Through 
indirect experiments on much larger 
amoebae, it has been possible to deduce 
that the principal components of the 
amoeboid motor are actin and myosin — 
the two proteins that make up the con- 
tractile filaments of muscle. And para- 
doxically, it is only through the remark- 
ably detailed understanding biologists 
already have of the highly specialised 
and sophisticated machinery of muscle 
contraction that they have been able 
to begin to grasp the much more primi- 
tive mechanism of amoeboid motion. 

When a muscle contracts, the nerve 
signal to the muscle cell causes an in- 
crease in the level of calcium inside the 
cell, and that in turn causes the removal 
of a molecular "wedge" that keeps the 
actin filaments from contacting the my- 
osin. As soon as the wedge is removed, 
the two filaments make contact, and 
that immediately sets off an enzymatic 
action that releases energy and induces 
changes in the myosin structure such 
that the myosin and actin filaments are 
caused to slide rapidly past each other 
and the muscle contracts (see figure). 

The same sliding-filament action is be- 
lieved to underlie the extension of pseu- 
dopods by amoebae — only the filaments 
form a loose network instead of a rigid 
array, and movement is brought about 



by a simultaneous loosening of the net- 
work and contraction of actin-myosin 
complexes, which squeeze the fluid mat- 
rix of the cell into a pseudopod. 

All these complex simultaneous 
changes take place in what is known as 
the cell's cortical layer — a gel-like layer 
of cytoplasm just inside the cell's outer 
membrane. When a pseudopod forms, a 
part of the cortical layer seems to liquefy 
and the cytoplasm streams into the 
pseudopod. Southwick and Hartwig have 
attempted to reconstruct, on the basis 
of experiments with purified amoeboid 
proteins, the molecular interactions that 
bring about these transitions. 

The "liquefaction" of the cytoplasm, 
technically known as a gel-sol transition, 
is brought about by changes in the 
length of the actin filaments. Actin fila- 
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The machinery used 
by a macrophage 
(right) to move is a 
less organised 
version of that in a 
muscle cell (above) 

ments are made up 
of a long string of 
globular subunits 
(monomers), and 
only in very special- 
ised cells such as 
muscle do they form 
stable polymers of 
fixed length. For all 
ordinary cellular ^^MJf. 
purposes (and actin has many functions 

in cells), actin Hlaments are subject to 
constant assembly and disassembly from 
a pool of globular molecules in the cyto- 
plasm. This means that the cell must 
have a means of regulating the exchange 
of subunits between the monomer pool 
and the actin filaments. 

Globular actin molecules will spon- 
taneously form filaments in a suitable 
salt solution, and when they do they 
produce a viscous gel. To turn this gel- 
like network into a fluid, the long actin 
filaments must be broken up into much 
shorter fibres — and it is to the under- 
standing of this crudal fragmentation 
step that the Harvard laboratory has 
made its most important contribution. 




The key discovery was a protein called 
gelsolin, which has two important pro- 
perties (Journal of Biological Chemistry, 
vol 256, p 9693). First, it has a very high 
affinity for the ends of actin filaments, 
so high that it will actually displace 
actin monomers from the filament and 
bind to the end so created. Its second 
important property is that it can do this 
only at what for a cell is a rather high 
level of calcium. This is extremely 
important because many cellular signals 
are transmitted by transient changes in 
the level of caldum — including, of 
course, the signal for muscle contrac- 
tion. So a gel-to-sol transition in the 
cortical layer could be brought about by 
a local change in calcium levels that 
would activate gelsolin to break the 
actin filaments and loosen the network, 
and at the same time probably also 
trigger the contractile interactions of 
the actin with small myosin filaments in 
the cortical layer. 

But there is a problem. The two ends 
of an actin filament are not identical, 
and gelsolin binds only to one end — 
known, for rather complicated reasons, 
as the "barbed" end. Thus each time a 
gelsolin molecule breaks an actin fila- 
ment and binds its barbed end, it leaves 
the other end (the "pointed" end) free 
to add more globular actin and increase 
in length again. Southwick and Hartwig 
have now supplied the solution to this 
problem. They have discovered, in ex- 
tracts of macrophages, a protein that 
caps the pointed end of the filaments, 
preventing them 
frx>m growing. They 
have called this 
protein acumentin. 

So by fixing the 
concentrations o f 
actin monomers, 
gelsolin and acu- 
mentin, a cell could 
control with some 
precision the length 
of the actin fila- 
ments in its cortical 
gel, changing it 
relatively rapidly by 
adjusting the cal- 
cium level. At an 
-I.- increase in calcium, 

the gelsolin cuts up the filaments and 

the fragments are promptly capped by 
acumentin. Once the calcium levels have 
dropped again, the gelsolin is released 
and the actin filaments rapidly regrow. 

It is not only amoeboid cells that need 
to control the assembly of their actin 
filaments. Many animal cells, for 
example, go through a phase of migra- 
tion during embryonic development, and 
many have specialised shapes that de- 
pend on the organisation of actin fila- 
ments into specialised arrays. The 
evolutionary peak of such specialised 
organisation is the muscle cell, whose 
proteins have provided the first clues 
about the fundamental motile proper- 
ties of all cells. O 
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X-rays trace a path to higher density chips 

CE is helping American etch at Brookhaven. (PMMA actually synchrotron; another is 
win the rare for nroduc- takp<; Inneer tn irradiate effentivelv. rnm- fni-m exnosurei to radi 



BIG SCIENCE is helping American 
efforts to win the race for produc- 
tion of million-bit memory chips. 
During the next two years researchers 
at IBM's Thomas J. Watson Research 
Centre at Yorktown Heights, New York, 
will be studying ways of cut- 
ting the dimensions of com- 
ponents on chips with the 
help of X-rays. The radiation 
will be supplied from a syn- 
chrotron source just completed 
at the Brookhaven National 
Laboratory on Long Island, 
New York. 

The IBM team will direct 
X-ray beams through masks 
onto silicon chips. The chips 
will be coated with materials 
called resists which are sensi- 
tive to X-rays. Where the chip 
is covered by the mask, the 
material is less resistant to 
solvents and can be etched 
away to expose a layer of 
silicon dioxide. Treatment 
with a strong acid then re- 
moves the exposed parts of 
the silicon dioxide layer. The 
exposed silicon can then be 
doped with impurities such as boron or 
arsenic to change its properties as a 
semiconductor. 

This technique is already the basis of 
manufacturing integrated circuits, al- 
though ultraviolet light or an electron 
beam is the usual source of radiation. 
The advantage of using X-rays is the 
radiation's short wavelength (about two 
orders of magnitude less than that of 

ultraviolet light). This allows production 
workers to "write" finer features in the 
resist. Warren Grobman of IBM hopes 
that with X-rays his team will be able to 
make components in which the conduc- 
ting channel is less than 1 micrometre 
wide — about half the minimum size of 
features marked by ultraviolet light. 
Grobman reckons that circuits that con- 
tain features 1-6 mm wide will still 
work when their dimensions are halved. 
In other words, it will not be necessary 
to redesign them to pack more com- 
ponents in. Such a drop in scale will re- 
sult in chips that are four times as 
dense in components, so a memory chip, 
now made with at most 260 000 bits, 
could incorporate over a million bits. 
Grobman believes that X-rays could al- 
low a further halving of linear dimen- 
sions beyond this; in that case, the cir- 
cuits might well have to be redesigned. 

Researchers have already tried mak- 
ing integrated circuits with conventional 
X-ray sources. The trouble is that such 
sources are weak: it takes from 30 min- 
utes to irradiate one chip. With a beam 
from the 800 MeV synchrotron radiation 
source at Brookhaven, the IBM re- 
searchers hope to decrease this time by 
a factor of between 100 and 1000. An 
area of 36 square centimetres of poly- 
methylmethacrylate (PMMA) resist, for 
example, will take about 20 seconds to 



etch at Brookhaven. (PMMA actually 
takes longer to irradiate effectively, com- 
pared with most commercial resists; its 
exposure time represents an upper limit 
for what might finally be achieved.) 
Sources of X-rays from hot, ionised 




X-rays can cut the scale of memory chips 



gases (plasmas) could etch chips at a 
rate somewhere between conventional 
X-ray sources and synchrotron radiation 
sources. This technique is under investi- 
gation, but is not yet proven as a means 
of production. 

The IBM workers have had to over- 
come various problems setting up chips 
for attack by X-rays. One is how to iso- 
late the chips from the ultra-high 
vacuum that must be maintained in the 



synchrotron; another is achieving uni- 
form exposure to radiation over the 
whole chip. 

Now the team will begin to experi- 
ment with making chips. First scientists 
will try simple masks with features such 
as lines and squares. Then 
they will use standard masks, 
made by a technique called 
electron beam lithography. 

Grobman estimates that his 
team will be making standard 
chips within 6 to 18 months. 
But marketing computers that 
include such chips could be a 
decade away. 

If X-ray manufacture turns 
out to be feasible, will com- 
panies build their own storage 
rings? Now such rings are 
only built for scientific re- 
search, and so are designed 
to be as flexible as possible. 
This makes them expensive. 
Britain's new synchrotron radi- 
ation source at Daresbury, for 
example, cost £5 million in 
capital costs alone. Grobman 
reckons that a source designed 
specially for lithography could 
much cheaper. For example, the 



be 



Aladdin ring just completed at Stough- 
ton, Wisconsin, could be a good design 
for an industrial machine. It cost no 
more than two electron beam lithog- 
raphy machines for making masks — 
about the same for a complete fabrica- 
tion line for silicon chips. Growing in- 
terest in X-ray techniques for making 
chips in Japan, West Germany and 
Britain could expedite American plans. □ 



Short cut to longer playing discs 

'J'ELDEC, the West German electronics 



Telefunken and Decca of Britain, has 
developed a new technique for making 
gramophone records. The process, which 
the company calls direct metal master- 
ing, provides a short cut past two stages 
in the conventional process for making 
discs. 

Record companies press discs from 
hot vinyl plastics squeezed between 
metal stampers which carry a negative 
impression of the grooves. The 
stampers are normally made by a 
tortuous process. A groove is first cut 
in a soft nitrocellulose lacquer master 
disc, and a coating of graphite dust or a 
silver solution makes the master electri- 
cally conductive. It is electroplated to 
produce a negative master copy in nickel 
(with ridges instead of grooves); a 
second stage produces a positive nickel 
mother which is an accurate replica of 
the lacquer master; a third stage pro- 
duces a negative nickel stamper. 

Teldec's process eliminates the first 
two stages by cutting the master 
groove directly into a copper coating on 
a blank steel disc. The stampers can 



then be made directly from this disc. 

A disc cutter needs hundreds of watts 
to drive the stylus even through soft 
lacquer. To cut through the much 
tougher copper, Teldec superimposes an 
ultrasonic signal on the audio signal to 
be recorded. This acts in much the same 
way as the bias signal in a tape re- 
corder, which shakes up the magnetic 
particles at inaudibly high frequencies to 
make it easier for them to follow the 
audio frequencies. The direct mastering 
process mechanically excites a diamond 
cutting stylus, thus making it easier for 
it to follow the audio frequency signals 
being cut in the groove. 

Because the copper coating is less 
prone to deformation than convential 
lacquer, the grooves can be closer to- 
gether. This enables Teldec to offer up 
to 15 per cent more playing time per 
record side. Teldec originally developed 
the technique for the now obsolete TeD 
videodisc format. The company launched 
the format on the continent in the 
early 1970s but withdrew it because of 
lack of support. It hopes to recoup some 
of its losses by selling the new tech- 
nology to the audio record industry. □ 



New Scientist 19 August 1982 



489 



T 



CHNOLOGY 



China's long march leads to space development 



HINA IS STEPPING UP its efforts 
^ to win self-sufficiency in space 
technology. The government has 
formed a new department, the Ministry 
of Space Industry, to coordinate efforts 
in space. And it has postponed, for the 
time being, a plan to buy satellites 
from the industrialised world in favour 
of developing the hardware itself. 

"Our government pays great atten- 
tion to the space programme and is pre- 
pared to mobilise nationwide to achieve 
its goals," says Sun Jiadong who is vice- 
president of the Chinese Academy of 
Space Technology. He says the new min- 
istry acts as the coordinator for work in 
other government departments, univer- 
sities and research institutes. 

One of the main thrusts of the space 
programme is in rocketry. The Chinese 
have been developing rockets since the 



1950s, and 12 years ago put their first 
satellite into orbit with a home-made 
launcher. The satellite was a 170-kg sci- 
entific craft on board the Long March-1 
launcher. 

Since then China has launched a fur- 
Peter Marsh, Vienna 

ther 11 satellites, most of them with a 
more powerful rocket called "Storm". 
This can put two-tonne satellites into or- 
bit a few hundred kilometres above the 
earth. 

Now the Chinese are working on a 
still more powerful rocket, called the 
Long March-3. (Jiadong explains that 
Long March-2 was never used.) Within 
two years, this should carry a 900-kg ex- 
perimental communications satellite that 
will operate in geostationary orbit. 

"If you want to engage in space sci- 



Maths lessons are out of this world 



INDIA is mounting an ambitious space 
project to bring education to thou- 
sands of adults and children who cannot 
read or write. This week, India's public 
broadcasting company started beaming 
satellite TV programmes to about 200 
receivers in remote villages dotted 
around the country. 

By the end of this year, the number 

B- of receivers, which 
cost the Indian gov- 
ernment some £600 
each, should rise to 
600 0. The pro- 
grammes will be 
broadcast four 
hours a day. In the 
mornings there will 
be two hours of 
programmes for 
children on basic 
mathematics, sci- 
ence and history. 
Adults will have 
their turn in the 
afternoon when 
main topics will in- 
clude family plan- 
ning and hygiene. 

Venkatappa Ram- 
aiah of the Indian 
Space Research Or- 
ganisation in Ahmedabad, hopes that 
private individuals wll buy more receiv- 
ers and sets so that within five years the 
satellite programmes serve 90 per cent 
of India's population of 700 million. At 
that point, he hopes, the TV programmes 
will be screened virtually round the 
clock. 

The service depends on India's multi- 
purpose communications satellite, Insat. 
launched by an American rocket earlier 
this year. An earth station near Delhi 
transmits radio wave containing inform- 
ation about the programmes to the satel- 
lite hovering in geostationary orbit, 
36 000 km above the equator. Another 
ground station near Bangalore controls 
the position of the satellite which is also 



By satellite to 
Indian classrooms 



designed to handle telecommunications 
traffic. 

Besides educational programmes, the 
satellite will eventually distribute ordin- 
ary TV material. At present, the pro- 
grammes are broadcast via terrestrial 
networks that receive and transmit mi- 
crowaves. These cover only India's large 
towns. This means that less than 20 per 
cent of the population can tune in to TV. 

The new satellite service is based on 
a successful experiment dating from 
1975-76, by which people in 2400 villages 
received TV — courtesy of a satellite oper- 
ated by NASA. During the trial some 
250 000 people saw the programmes on 
sets in schools and public buildings. 
These will again be the venues for the 
new programmes' audiences, until pri- 
vate householders can buy sets and 
aerials. Q 



ence and technology, then a prerequis- 
ite", says Jiadong, "is to be able to 
launch your own satellites." The Chinese 
have big plans, many of them for educa- 
tional broadcasting. 

At present only one third of China's 
population of 1000 million can receive 
TV through conventional ground net- 
works. Jiadong says that more TV trans- 
missions are desperately needed to raise 
the standard of education. Every year, 
some 10 million people leave senior 
schools thirsty for more knowledge. The 
universities, by themselves, cannot meet 
the demand. 

So China's government plans a TV 
satellite that will distribute programmes 
to the whole country from a geostation- 
ary orbit. CRina had talked to companies 
in western nations, particularly in West 
Germany about supplies of space hard- 
ware. Now the government is more keen 
to itself develop the equipment and 
ground stations. 

Jiadong expects to see the scheme op- 
erating within the next 10 years. He says 
it will take a long time because of the 
sheer quantity of hardware required. "If 
we concentrated only on giving ground 
stations to our biggest schools, universi- 
ties and factories, then we would still 
need 10 000 of them. 

China also thinks that remote sensing 
of its land area by satellites can help it 
to lose the tag of "developing nation". 
The country is planning a ground station 
that will receive data from the American 
Landsat earth-mapping craft. Engineers 
are also talking to the French company 
Spot Image about buying information 
from France's Spot satellite when it en- 
ters orbit in 1984. Ultimately China 
would like to launch its own remote sen- 
sing satellites to search for rich deposits 
of oil and mineral. □ 



Satellites fight a plague of locusts 



A£2'2 MILLION programme to warn 
people in Africa and Asia about im- 
pending devastation of crops by locusts 
should begin next year. Earth stations 
in Nairobi, Kenya, and Niamey, Niger, 
will receive data from satellites about 
conditions in an area stretching from 
West Africa to India. With computers, 
scientists at the Earth stations will inter- 
pret the data to find out where locusts 
are breeding. In the last step in the 
chain, the information will be fed by 
telex and radio links to teams in aircraft 
that will spray the affected areas with 
pesticide. 

The scheme is the brainchild of Jelle 
Hielkema who works for the United Na- 
tions Food and Agricultural Organisation 
in Rome. For several years he has in- 
vestigated ways of interpreting satellite 
images to give information about locusts. 

Hielkema has found that several of the 
Earth resources satellites now in orbit 
can provide useful details about the 
areas where locusts like to breed. These 
arc predominently river valleys where 



the soil is silted or sandy and where rain 
has recently fallen. According to Hiel- 
kema, satellits can spot these conditions 
from their orbits high above the Earth. 
They can also give information about 
winds, indicating the direction in which 
swarms of locusts are likely to fly. The 
satelHtes involved in the project are the 
Landsat and Noaa Craft operated by the 
US, and Meteosat 2, which the European 
space agency owns. 

The data from the satellites will sup- 
plement information gathered by work- 
ers trying to fight the locusts on the 
ground. But often, says Hielkema, this 
consists of little more than reports col- 
lated by people riding the affected areas 
on camels. 

The satellite project should enable lo- 
cust fighting teams, operating in about 
50 countries, to react more speedily to 
the prohlem and wipe out the pests be- 
fore they have a chance to multiply. 
When it is fully operating the satellite 
service will cost the organisers some 
£150 000 to run. □ 
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More metal from old cookers 



ENGINEERS at the Warren Spring 
laboratory at Stevenage have found 
a way to reclaim much more metal from 
thrown-away cars, cookers, fridges and 
washing machines. 
"Fragmentisers" in 
Britain produce 
about 1 million ton- 
nes of scrap a year 
of which about 
three ■ quarters is 
iron and steel, rela- 
tively easy to pick 
out from the rest by 
magnet for remelt- 
ing. About 25 000 
tonnes of the rest 
of the broken-up 
scrap is composed 
of non - ferrous 
metals which a mag- 
net cannot remove 
and which are usually sorted out from 
the waste by hand. 

These metals include aluminium (the 
most important) zinc, brasses, other 
copper alloys, stainless steels with their 
high contents of chromium and nickel, 
and lead. Other metals are present in 
smaller quantities. Handpicking only 
gets about 40 per cent of these non- 
ferrous metals out of the fragmentiser 
scrap; the rest is thrown away. That 
represents a considerable waste, for 
even unsorted the 25 000 tonnes of non- 
ferrous metals produced from fragmen- 
tisers in Britain each year is worth £150 
a tonne. Once sorted it is worth £350 per 
tonne. That means scrap merchants are 
throwing away over £5 million worth of 
valuable metals every year. 

It is impossible for hand-pickers to 
sort out the smaller bits of metal from 
all the other much more voluminous 
rubbish; shredded plastic, seating 
material, wood and so on in the scrap. 
So the smaller bits just get missed. But 
now a team of engineers led bv Maurice 
Webb in the materials reclamation de- 
partment at the Warren Spring labora- 
tory have developed a completely auto- 
mated system to do the job. 

After the scrap has been fragmentised 
and magnets have picked out the iron 
and steel from the remaining scrap, it 
goes through a vibrating screen which 
shakes out the fine dirt. Then the scrap 
is passed over a blast of air which blows 
away light bulky plastic sheet and foam. 
What is left is a much more concen- 
trated mixture, about 50 per cent metal. 

The scrap merchant can stop there, 
and hand over to the hand-pickers. They 
will get a lot more than 40 per cent of 
the metals out of this mixture, with 
much of the sorting work already done 
for them. Or they can go on to use the 
next device that Warren Spring has 
devised, simply a rapidly rotating metal 
disc, just over a metre in diameter. As 
the scrap falls onto it the rubber 
bounces off well over the side and so 
does the bulkier, heavier plastic. But the 
metals do not bounce. They edge out to 



the side of the disc and fall off straight 
down into a separate compartment. 

This leaves a mix that is mostly metal, 
with some stones and very heavy 




Science sorts llie needle-sized bits from stacks like this 



plastics. The next step is to separate the 
different metals, using X-ray fluoresc- 
ence. A conveyor belt feeds the lumps 
of scrap one by one past an X-ray beam 
which makes each lump fluoresce at a 
wavelength characteristic of the 
material it is made of. A microprocessor 



decodes the information to switch on a 
mechanical arm, a blast of air, or any 
other device to divert the lump of scrap 
off in the appropriate direction. 

The device that 
takes mixed metals, 
stones and plastics, 
and puts it one bit 
at a time at regular 
intervals on a con- 
veyor, scanned by X- 
ray fluorescence is 
being kept under 
wraps by Warren 
Spring for the time 
being. Once the 
laboratory has 
patents, it will 
doubtless find other 
applications, in sort- 
ing ore for treat- 

ment to extract 

minerals, for example. 

Other parts of the system; the spin- 
ning disc separator for example, may go 
on sale, on their own. One way or 
another, this new technology will save 
its users many times more than the 
£200 000 that it cost Warren Spring. Q 



When the polymer hits the fan 



TORRENTIAL RAINSTORMS flood 
British sewers every so often; the 
sewers cannot cope with the extra surge 
of water and streets are flooded — or 
worse. We could build new sewers at 
£100 000 a throw, but they would lie 
empty most of the year. 

Robert Sellin, of the University of 
Bristol's Department of Civil Engineer- 
ing, has been exploring an ingenious al- 
ternative : adding certain polymers to 
sewage. The polymers reduce drag and 
increase the velocity of flow in the 
sewers. More water can pass through 
the sewers in a given time because there 
is less turbulence. 

The water-soluble polymers are huge 
single chain molecules with a molecular 
weight of about 5 million, such as poly- 
thylene oxide (Polyox WSR-301) or poly- 
acrylamide (Magnafloc 156). These giant 
molecules speed the flow of water by 
stretching, and absorbing energy like a 
coiled spring does. Fibres added to flow- 
ing water can have a similar effect, but 
polymers have the advantage of being 
easily broken down by microorganisms 
at the sewage works. Anyway, these 
harmless polymers are often added to 
processed foods and drinks. 

The first polymer dosing station in 
Europe has been running at Knowie in 
Bristol for the past five years — the 
result of a fruitful collaboration between 
Dr SeUin, the Bristol City Engineers, and 
Wessex Water Authority. The polymer, 
stored as a dry powder, is automatically 
added to sewage when water levels start 
to rise — ^which happens about 20 times a 
year. Dosing may go on for four or five 
hours if rain is very heavy. The addition 
of the polymer, at 18 parts per million, 



increases the sewer's capacity by 25-35 
per cent. 

Dr Sellin is looking at other ways of 
getting the polymers into the sewage. 
The dry powder can cake up and clog 
the delivery hoppers, but the polymer 
cannot be stored in aqueous solution 
either; huge storage vessels would be 
needed, and even a I per cent solution 
is very viscous and difficult to pump. 
Storing the polymer as an oily emulsion 
is more feasible; a liquid containing 40 
per cent polymer (by weight) is about 
the consistency of milk. When required 
the emulsion could be "inverted" and 
the polymer dissolved in water. 

Dealing with overloaded sewers 
through "polymer drag reduction" 
turns out to be much cheaper than 
investing in new sewers. The dosing 
station at Knowie spends only about £500 
on polymers every year, and about 
£10 000 to set up. Several more dosing 
plants are underway in the South West 
and other water authorities are starting 
to take an interest. 

The ability of polymers to increase 
the velocity of flowing liquids has a host 
of practical applications. Polymers can 
be added to slurries of sand or pulverised 
coal to make pumping easier. A natural 
polymer, the polysaccharide xanthan 
gum, is already used in secondary oil 
recovery. Polymers might even find a 
place in medicine; they could reduce the 
beating that red blood cells receive while 
being pumped through heart-lung 
machines during open-heart surgery. 
Even the New York Fire Brigade bene- 
fits from polymers: a gel-emulsion re- 
duces the spray from hoses and makes 
the water jets go further and faster. □ 
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Why Britain does not need a PWR 

Opponents to the plans to build Britain's first pressurised-water reactor at Sizewell in Suffolk ^^^^^^jp/ 
say that we don't need the power station to meet electricity demand, that electricity consumers 
could end up paying for massive losses, and that there are questions about the reactor's safety 
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Czech Conroy Britain's experience with nuclear 

power stations has not been a 
happy one. The House of Commons Select Committee on 
Energy in its report on the nuclear power programme 
last year said: "Enormous past nuclear investments have 
had exceptionally low productivity; great resources have 
been used with little direct 
gain and a serious net loss." 
The second phase of 
Britain's nuclear pro- 
gramme, involving the ad- 
vanced gas-cooled reactors 
(AGRs), has experienced 
huge over-runs in construc- 
tion time and capital cost, 
averaging six years and 100 
per cent respectively. Pro- 
fessor David Henderson, 
who has worked as an 
economist at the Treasury, 
has called the AGR pro- 
gramme "one of the three 
worst civil investment deci- 
sions in the history of man- 
kind". Nor are the recently 
ordered Heysham H and 
Torness AGRs likely to 
prove worthwhile invest- 
ments. A recent report from 
the Electricity Consumers' 
Council Nuclear Power and 
the Economic Interest of 
Consumers, concluded that 
Heysham II ". . . involves 
the wasteful commitment of 
consumers' money earlier 
than necessary". 

In view of the disastrous 
experience of the Central 
Electricity Generating Board 
(CEGB) with AGRs it is not 
surprising that the board 
has opted for a pressurised- 
water reactor (PWR) at Size- 
well, in Suffolk. Neverthe- 
less, the experience of the US with PWRs has been 
similar to UK's experience with AGRs — a series of 
over-runs in capital cost and construction time, and dis- 
appointing performances in operation. Studies have 
shown that nuclear electricity in the US is more expen- 
sive than that from coal-fired stations, directly contra- 
dicting the CEGB's claim that "nuclear stations generally 
produce electricity today at a cost below that of coal" 
(New Scientist, 17 June, p 766). 

Charles Komanoff examines the economics of nuclear 
power in the US in his recent book, Power Plant Cost 
Escalation: Nuclear and Coal Capital Costs, Regulations 
and Economics. He foimd that in the 1970s the costs 
of nuclear stations increased more than twice as fast 
as the costs of coal plant; that the time needed to con- 

Czech Conroy is energy adviser to Friends of the Earth, one of the 
opposition groups that will be taking part in next /ear's public inquiry 
into the Sizewell PWR. 
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struct nuclear stations lengthened more quickly than 
that for coal stations; and that nuclear construction now 
costs over 50 per cent more than coal. Even the data 
published by the Atomic Industrial Forum, the US nu- 
clear industry's trade association, show that electricity 
from nuclear plants installed after 1974 costs between 

20 and 40 per cent more 
than that generated by new 
coal-fired plants. 

A year ago the British 
government published a re- 
port from the Monopolies 
and Mergers Commission 
(MMC) which strongly criti- 
cised the CEGB's economic 
appraisal of proposed 
nuclear stations. The MMC 
concluded: "A large pro- 
gramme of investment in 
nuclear power stations, 
which would greatly in- 
crease the capital employed 
for a given level of output, 
is proposed on the basis of 
investment appraisals which 
are seriously defective and 
liable to mislead. We con- 
clude that the board's 
course of conduct in this 
regard operates against the 
public interest." 

One of the MMC's major 
criticisms was that the 
CEGB tended to use figures 
in its economic appraisal 
which . . were and are 
under-estimates and central 
estimates". The recent re- 
port from the Electricity 
Consumers' Council (ECC) 
on the economics of nuclear 
power shows that when 
relatively central estimates 
— of things like cost and 
construction time — are sub- 
stituted there is no economic case for ordering AGRs ahead 
of need. Nevertheless, the CEGB still claims that order- 
ing the Sizewell B PWR before it is needed to meet any 
increase in electricity consumption is justified even when 
central, and not target, estimates are used because its 
electricity will cost less than that from fossil-fuelled 
power stations, especially oil-fired ones. Let us examine 
some of these "central" estimates. 

Construction time is crucial to the costs of nuclear 
power. The longer it takes to build a power station, the 
greater the interest charge vnll be, and with it the 
capital cost; the capital costs account for most of the 
cost of a nuclear station over its lifetime. 

Sizewell B would be the first PWR to be built in the 
UK. The CEGB's central estimate for Sizewell B's con- 
struction time is 90 months. In the US it takes an aver- 
age of 102 months to build a large Westinghouse PWR 
like that planned for Sizewell; and the average oon- 
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struction time for Britain's AGRs is about 150 months. 
The UK has a history of poor labour relations whidi 
for many years has resulted in longer construction times 
for power stations and other large projects compared 
with other countries, including the US. So why does the 
CEGB believe it will build Sizewell B faster than the 
US is able to? 

The CEGB's optimism is based largely on the assump- 
tion that, unlike other power stations, Sizewell B will 
not undergo changes of design during construction. This 
smacks of wishful thinking rather than objective econo- 
mic appraisal. With dozens of PWRs operating through- 
out the world, there could well be more accidents or 
incidents leading to regulatory changes during the con- 
struction of Sizewell B. These would have implications 
for its design. The MMC report argues that in such an 
event "worldwide concern . . . would . . . have an effect 
on the PWR design used in the United Kingdom what- 
ever the Nuclear Installations Inspectorate's policy". 
That the CEGB has not suddenly been blessed with in- 
fallible foresdght is already clear as will be explained 
later in the discussion of the Sizevrell B design. 

Room for improvements 

A longer construction time than the CEGB assumes 
would mean higher capital costs. But before construction 
even starts other factors may increase capital costs. 
Design changes prior to construction are likely for two 
reasons. First, an earlier design for Sizewell B incorpora- 
ted many important safety features which have been 
omitted from the design that the CEGB has now ap- 
proved. The CEGB rejected this earlier design because 
it was too expensive. But at next year's public inquiry 
into the plans to build the Sizewell PWR there will be 
strong pressure for the CEGB to reinstate these safety 
features, particularly as some of them would reduce the 
exposure of power station workers to radiation. Secondly, 
as a result of the accident at the Three Mile Island 
(TMI) nuclear station in Pennsylvania, the US's Nuclear 
Regulatory Commission now requires various safety im- 
provements, not all of which have been taken into 
account in the current Sizewell B design. At the public 
inquiry, however, there could well be pressure on the 
CEGB to adopt them. Again, these improvements are 
likely to push up the cost of Sizewell B. 

A second area where the Monopolies and Mergers 
Commission criticised the CEGB's assumptions about cost 
was the nuclear fuel-cycle. The MMC concluded that further 
real increases in costs are likely, and that "... a scep- 
tical attitude towards nuclear fuel-cycle costs is appro- 
priate in investment appraisal work". The CEGB has 
ignored the MMC's advice in its "statement of case" for 
Sizewell. The board assumes that fuel-cyde costs for 
nuclear power will decrease, but provides no evidence for 
this. 

For the CEGB's figures on fuel<yde costs to be borne 
out there would have to be a decrease in the costs of 
reprocessing and waste management between now and 
the year 2000. Yet in the 1970s the estimated cost of 
reprocessing oxide fuels (PWR or AGR) escalated drama- 
tically. No one has yet reprocessed oxide fuel on a 
commercial scale anywhere in the world. It appears, 
therefore, that the CEGB is once again substituting wish- 
ful thinking for hard-headed economic appraisal. 

Professor J. W. Jeffery of Birkbeck College, London, 
argues that reprocessing costs for oxide fuel are likely 
to be about double those assumed by the CEGB for 
Sizewell B (Energy Policy, June 1982, p 76). In the 
absence of any explanation from CEGB as to why re- 
processing costs should decrease, Jeffery's figure is the 
more appropriate one to use in aiq>raising the board's 
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Dungeness B (left) is Britain's latest home grown AGR 
station. Massive delays and overspending have turned it into 
a financial disaster — the electricity industry says the 
imported PWR design it wants to build at Sizewell (in the 
hole shown below) will be different despite American 
experience 




investment plans for the next few years. 

Overall, it appears that if the CEGB used genuinely 
realistic estimates of the costs of nuclear power, there 
would be no economic justification for ordering Sizewell 
B. If Jeffery's assumptions about the costs of electricity 
from nuclear and coal-fired power stations prove to be 
correct, the CEGB's losses over that station's lifetime 
would be massive. In fact, the CEGB could lose well 
over £1000 million rather than make the £500 to £1100 
million savings postulated by the board. 

Building Sizewell B before Britain needs it is a "high- 
risk" strategy. On the CEGB's assumptions there would 
be a return of £17-£37 million a year averaged over the 
lifetime of the plant. But on other assumptions there 
would be a net loss. Furthermore, most of the savings 
would not occur until the next century. The cost of this 
is an investment of £1000 million which will raise elec- 
tricity prices this century. The MMC's report on nuclear 
power concluded that electricity costs would continue 
to rise in real terms until the late 1990s, and that " . . . 
a sul>stantial element of the increased costs up to that 
time relate to the capital charges of the investment pro- 
gramme itself". 

France, with its large nuclear programme, is experien- 
cing exactly this problem. The French equivalent of the 
CEGB, Electricite de France, has gone heavily into debt 
in trying to finance its nuclear programme. Two years 
ago it needed a FrSOOO million loan from the govern- 
ment. Now it faces its worst financial situation for 30 
years and requires a further loan of up to FrSOOO 
million. 

The CEGB's economic case for Sizewell B rests on the 
implicit belief that the station's possible long-term bene- 
fits make it worthwhile to incur the definite short-term 
costs. The prudent (and conventional) view would be 
that they are not. 

Economic cost is a sufficient reason for rejecting 
Sizewell B. But there are also environmental and social 
costs associated with nuclear power: nuclear waste dis- 
posal, the hazards of uranium mining, the overlap with 
nuclear weapons technology, increased vulnerability, and 
so on. As these issues have been widely debated I con- 
sider only one specific issue here — the safety of pres- 
surised water reactors. 

The safety of PWRs has aroused considerable concern, 
and they are generally thought to be inherently less safe 
than gas-cooled reactors. There is a very high power 
density in the core of a PWR. If the flow of water 
coolant through the core were disrupted for only se- 
conds, therefore, the core's temperature would rapidly 
increase, possibly causing the core to melt. In 1979 the 
Three Mile Island reactor came within an hour of a 
meltdown, following the shutdown of the emergency core 
cooling system. A second inherent weakness in the PWR's 
safety concerns the use of water as a coolant. The prob- 
lem is that if the reactor's pressure dropped some water 
would turn into steam. As steam is a poor coolant this 
could seriously impair the cooling of the core, increasing 
the likelihood of a meltdown. 

The US's Nuclear Regulatory Commission has identified 
numerous unresolved safety problems with PWRs. The 
hazards which they pose are not likely to be acceptable 
over the lifetime of PWRs currently in operation or 
under construction in the US. The Sizewell B design 
fails to take many of these safety concerns into account; 
for example, system interactions, environmental qualifi- 
cation of safety equipment and the ability to remove 
residual heat. 

The Sizewell B design also fails to take account of 
certain design features required in the wake of the TMI 
accident. For example, the NRC is now applying stricter 
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criteria to new plants so as to improve the hydrogen 
control systems. Robert Pollard, who used to be a 
nuclear safety engineer with the NRC, has cwncluded 
that the Sizewell B design does not meet these stricter 
criteria and would be unlikely to receive approval from 
the NRC. 

Furthermore, some of the design changes which the 
CEGB has made to improve safety have their disadvan- 
tages as well as their advantages. For example, the two 
additional safety injection pumps depend upon the relia- 
bility of the reactor's control system, and so may not, 
in the end, increase overall safety. 

The National Nuclear Corporation, which will be in- 
volved in building Sizewell B, is aware of the safety 
problems posed by PWRs, as is clear from the initial 
design it submitted to the CEGB in April 1981. This 
design contained several substantial safety improvements. 
The CEGB rejected it, however, because some of the 
improvements were too expensive. 

Common-mode failure 

In the design put forward in April 1981, there were 
four well-separated emergency core-cooling systems — 
key safety systems in the event of an accident — where- 
as in the current design there are two pairs of emer- 
gency core-cooling systems. 



When the light turns red, the worker is contaminated with 
radiation. Safety features to protect workers have been 
dropped from the latest PWR design 



As a result, the safety sys- 
tems in the new design are 
more likely to suffer a 
"common - mode" failure; 
that is, two or more systems 
simultaneously failing to 
work for the same reason. 
In addition, the arrange- 
ment of the emergency 
core-cooling system in the 
original design appears to 
be much more effective. 

Safety features to protect 
workers from exposure to 
radiation have also been 
dropped from the new de- 
sign. For example, the April 
1981 design had an "in- 
service inspection control 
room". The room would 
have shielded the crew from 
radiation during inspection and maintenance of the steam 
generators, the main source of radiation exposure in PWRs. 
These are important omissions, as workers' exposure to 
radiation in PWRs has been about five times higher than 
in eas-cooled reactors. 

The Sizewell B design already differs in several 
respects from other PWRs, and further extensive changes 
are likely as I have already expleiined. There is not even 
any operating experience of the standard design upon 
which the Sizewell PWR is supposed to be based. Only 
two plants with this design are being built, and neither 
will come into operation until 1984 at the earliest. 

The CEGB's commitment to Sizewell B can only be 
explained by its concern to find a competitive nuclear 
system to diversify its sources of electrical energy. But 
the nation as a whole has to be concerned about diversi- 
fying all energy sources — not just electricity, which 
supplies less than 10 per cent of Britain's delivered 
energy. The nation must also avoid becoming heavily 
dependent on centralised electricity production, because 
of its vulnerability to disruption. 

Nuclear electricity is neither the only, way, nor the 
best way, of replacing fossil fuels in the major uses of 
energy — heating buildings and fuelling road vehicles. 
Low-temperature heat, for example, which constitutes 



more than half Britain's energy needs, can be supplied 
by passive solar space-heating systems, solar water col- 
lectors and geothermal district heating schemes. 

Between now and the turn of the century, the top 
priority for displacing fossil fuels in electricity genera- 
tion should be reducing demand and electricity conserva- 
tion. Many utilities in the US and elsewhere have 
already recognised the advantages of this approach in 
terms of speed, simplicity and low cost. They have initia- 
ted schemes, involving loans or grants, to encourage 
customers to implement conservation measures. 

Three-quarters of the electricity consumption in the 
UK is by the domestic and industrial sectors in virtually 
equal proportions. Domestically, space and water heating 
are the major uses of electricity, and several studies (for 
example by the Watt committee) have shown a variety 
of cost-effective conservation measures — such as loft 
and wall insulation, draught-proofing and tank lagging 
— can reduce demand by about two-thirds. The remain- 
ing domestic usage of electricity is in electrical appli- 
ances (refrigerators, cookers, and so on) and also in 
lighting. 

Jorgen N0rgard and his colleagues at the Technical 
University of Denmark have shown that the efficiency 
of household electrical ai^liances and lighting can be 

increased by as much as 400 
per cent using known and 
well-tried technology. The 
Philips SL* light bulbs are 
an example of a product 
already on the market 
which has achieved this 
quadrupling of efficiency. 
Japanese refrigerators pro- 
vide another example of in- 
creased efficiency of appli- 
ances : some current models 
are already more than twice 
as efficient as the average 
1975 model. N0rgard esti- 
^ mates that in most cases 
5 the consumer will recover 
I the cost of improving the 
efficiency of domestic appli- 
ances in saved electricity in 
a couple of years — a far 
faster payback than for 
the capital invested in nuclear power stations. 

In the industrial sector more than half of the con- 
sumption of electricity is in electric motors. Increasing 
the efficiency of and, more importantly, substituting 
hydraulic drives can reduce demand substantially. 

Studies of energy-efficient futures — by Ger«dd Leach 
and colleagues at the International Institute for Environ- 
ment and Development (New Scientist, vol 81, p 81), and 
by David Olivier and Hugh Miall at Earth Resources 
Research — have found, in Leach's words, that nuclear 
power "... could easily be abandoned if desired". The 
benefits of such energy-efficient futures have been well- 
summarised by Leach and his associates in their report, 
A Low Energy Strategy for the United Kingdom. They 
conclude: "An energy future of this kind is a future 
of low risk. It offers material prosperity and the benefits 
of national self-confidence, yet vwthout the nagging, 
conflict-prone pressures of resource constraints and the 
need for the public to accept large expansions in energy 
supplies. It would relieve many environmental problems 
and release for other purposes investments that would 
otherwise have to go to energy supply." 

Instead of investing in Sizewell B we should now 
grasp the opportunity to pursue this new, low-risk and 
prosperous energy future. Q 
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i jungle kept for study 




Barro Colorado Island in Panama has been a biological reserve since 1923 and now enjoys permanent 
protection. The long-term, continuous investigations that such status allov/s are transforming our 

understanding of the ecology of tropical forests 



Ira Rubinoff and From 1 October, 1979, a new treaty 

Nicholas Smythe between the United States and 

Panama changed the effective 
sovereignty over the Canal Zone, which the US had ad- 
ministered since 1903; the attention of the world was 
focused on the future of the Panama Canal. But inter- 
national biologists were equally worried about the future 
of the Barro Colorado Island, 1600 hectares in the middle 
of Gatun Lake, the reservoir that supplies the water for 
the canal. Were their fears well founded? 

Fortunately, the negotiators of the treaty took decisive 
and imaginative action to ensure the island's protection 
and accessibility. In a separate agreement annexed to the 
treaty, they declared Barro Colorado Island a "nature 
monument" under the terms of the Western Hemisphere 
Convention of 1940 on Nature Protection and Wildlife 
Preservation. The Smithsonian Institution of Washington 
DC was designated as its custodian. 

Barro Colorado has been a biological reserve and scien- 
tific research station since 1923. It is a reliable, comfort- 
able and accessible area of moist tropical forest which 
thousands of scientists have used as a field laboratory; in 
1979 1180 biologists came from 32 countries. Recently 
demand has increased exponentially, and now researchers 
have to be turned away. 

The island is one of the few truly protected natural 
areas of neotropical forest, which means that many 
animals may be seen here which, in other ecologically 
similar areas, have become too shy or too rare. It also has 
one of the best tropical biological libraries in the world, 
with more than 500 journals and 18 000 volumes, including 
the recently published Flora of Barro Colorado, an im- 
portant advance. Barro Colorado also has a resident staff 
and fellows supported by institutes. 

Dr Ira Rubinoff is director of the Smithsonian Tropical Research Institute 
in Panama and Dr Nicholas Smythe is head of the Smithsonian's Office of 
Conservation and Environmental Education. 



Biologists have always been intrigued by the diversity of 
organisms in tropical forests, and have proposed various 
theories to account for it. One holds that the permanent 
superabundance of food, resulting from the benign en- 
vironment, is the main factor. But studies at Barro 
Colorado in the late 1960s were among the first to contra- 
dict this view and show that an important ecological 
characteristic of this forest is a season of deprivation of 
unpredictable severity. Since then, a long-term study of 
seasonal and other temporal changes has been looking 
at the effects on all the living things of changes in climate, 
number of predators, and of food. We keep records of 
climatological phenomena such as the rainfall and sun- 
light. The phenology (that is, the repeated pattern of 
growth, especially as influenced by climate), of leaf, flower 
and fruit of several hundred individual trees has been 
recorded for nearly 10 years, as have fluctuations in the 
numbers of night-flying (phototropic) insects. 

The data recorded by staff scientists, supplemented by 
those from the studies of visiting researchers, are forming 
a bank of baseline information that will help us to under- 
stand this complex system. The monitoring programme 
demonstrates one of the great advantages of this type of 
biological research station: of long-term studies that seldom 
yield spectacular results but, without which, we would 
remain ignorant of the basic functioning of an ecosystem. 
Such insights can never be gained through sporadic visits, 
nor through studying unprotected forests. 

Since 1946 the Smithsonian Institution has been respon- 
sible for the scientific management and protection of the 
island through the Smithsonian Tropical Research Institute 
(STRI). This was authorised, and the budget appropriated, 
by the US Congress. The resulting stability has helped to 
make Barro Colorado one of the best known areas of tropi- 
cal wilderness in the world; it is comparatively small but 
the fauna and flora are typical of more remote areas. The 
366 species of birds, 170 of which nest on the island, 



496 



New Scientist 19 August 1982 



include several such as the crested guan (Penelope jmr- 
purascens) that are heavily hunted elsewhere. Unfortu- 
nately, the three spedes of macaws natural to the area 
all fell victims to the pet trade before the reserve was 
established. Mammals are also abundant, with tapirs {Ta- 
pirus bairdii) and red spider monkeys {Ateles geofroyii), 
both on the lUCN Red Data Book of endangered species, 
moving about with apparent indifference to the human 
observer. Unfortunately the island is too small for resident 
jaguars {Felis onca) or pumas (Felis concolor). Both used to 
visit but, as the surrounding areas became progressivly 
more disturbed, their visits became less frequent until 
it is now by no means certain that these big cats still 
occur. Among the 90-odd species of mammals recorded on 
the island are three other cats, five primates and 46 bats. 

The fauna is still changing. Species that are adapted to 
second growth conditions that occur in more open spaces 
move away as the forest gets older. Some deep-forest 
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examining the role of natural gaps in the canopy, in the 
process of forest regeneration. A team of biologists, led by 
Stephen Hubbel from the University of Iowa, is mapping 
a 50-hectare area of forest in order to identify every tree 
in the area and to learn about the diversity of forest 
species and dispersal of propagules (that is, seeds, 
buds or other parts that break off to form new plants). 

Some pioneering biological field studies were done at 
Barro Colorado. C. R. Carpenter's study of the behavioural 
ecology of howler monkeys in 1934 was one of the first 
with truly objective observations, and has long stood as a 
model for students. Theodore Schneirla spent 35 years 
studying the ecology and behaviour of army ants {Eciton 
spp.) at Barro Colorado; his description of the social be- 
haviour of army ants published in 1935 is a field biology 
classic. Frank Chapman first visited the island in 1925: his 
primary interest was in ornithology and he wrote 32 books 
and articles about the birds, and other aspects of the forest. 

Technological advances 



Barro Colorado Island and Palenquilla and Gigantino, leased 
to the Smithsonian since 1979 

species that normally live in dispersed populations have 
apparently been unable to sustain reproduction. There are 
no more white-lipped peccaries (Tayassu pecari): the 
island is probably too small to support even one of the 
large bands in which they live. On the other hand, capy- 
bara [Hydrochaeris), the world's largest rodent, have 
arrived within the past 10 years. 

There is a similar variety of amphibians (32 species) and 
reptiles (28 species). Several species of anurans — frogs and 
toads — have been the subject of studies into systems of 
communication and partitioning of ecological niches. The 
largest reptile in the area is the endangered yellow croco- 
dile (Crocodilvis acutixs) which is still fairly common around 
the island although it is hunted in other parts of Gatun 
Lake. Iguanas (Iguana iguana) have also been persecuted 
to the point of rarity or extinction throughout much of 
their range. They spend most of their adult lives in the 
treetops and are difficult to census, but they are abundant 
on Barro Colorado and probably occur there in approxi- 
mately their natural density. They have a traditional, com- 
munal nesting site, which has been extensively studied. 

Non-insect invertebrates include several species of fresh- 
water crab, a lobster-sized shrimp, several species of 
scorpion, peripatus (Onycophora) — a strange, primitive 
creature half-way between a segmented worm and an 
anthropod — and various spiders including a large taran- 
atula (Sericopelma). As for insects, there are at least 100 
species of ant and 60 of termite. Henk Wolda of the STRI 
has found 1100 species of Homoptera (the cicada group), 
about a quarter of which are new to science. 

The availability of a comprehensive flora has encouraged 
other investigations. A number of researchers have been 



have stimulated other 
studies on the island. Re- 
cently, Merlin Tuttle used 
light-enhancing, night vision 
devices and high - speed 
photography, triggered 
photoelectronically, to study 
the ability of bats to find 
and devour calling frogs in 
the nearly total darkness of 
the forest floor. Others have 
used tiny transmitters to 
study the movements of 
animals as small as bats, or 
radio tracking to study 
sloths and monkeys. 

Because the island is too 
small to support resident 
populations of some organisms, and because mainland 
forests are being destroyed and there is a steadily increas- 
ing demand for research space on the island, the Smith- 
sonian applied for land-use licences for some peninsulas 
adjacent to Barro Colorado. In 1978 they were given three 
peninsulas on the east bank: Bohio, Buena Vista and 
Frijoles. Much of the land of these areas was farmed until 
then: the forests are considerably younger, and the fauna 
was impoverished because of hunting. The forest will even- 
tually regenerate, but meanwhile researchers can carry out 
projects that are not feasible on the island, for example 
on the white-tailed deer (Odocoileu virginianus). Such 
species are adapted to the secondary growth that occurs in 
clearings and around young trees, and so no longer thrive 
on Barro Colorado. Clearings of a controlled size and 
known age of the peninsulas of the east bank will encour- 
age such species without detracting from the health of 
the biological community. 

The 1979 Panama Canal treaty assured the continued use 
of these peninsulas and also designated a similar buffer 
zone for the west bank. The Panama Canal Authority now 
leases two areas known as Palenquilla and Gigantito (see 
Figure), to the Smithsonian. Although they are not, as 
yet, completely inventoried or surveyed, we know that 
they include some types of habitat such as swamp forest 
that are not available on Barro Colorado. 

The additional 3800 ha of mainland area on both sides 
of the canal presented the STRI with new problems; pri- 
marily that of protection. Although destruction along the 
banks was prohibited, enforcement was practically non- 
existent. In addition, small slash-and-burn areas had 
steadily spread, farmed by the people who were generally 
employed elsewhere and who would be in the area only 
when actually cutting, burning, planting or harvesting. 
Hunters have been attracted to the area by the belief 
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Howler monkeys — objects of C. R. Carpenter's classic studies 



that game animals must be plentiful if an area is pro- 
tected. The lack of enforced hunting laws and the wide- 
spread use of dogs have completely extinguished the most 
popular species over a large part of otherwise suitable 
habitat. Tho.sc who hunt for sport aro relatively easy to 
control because they are few and tend to be both con- 
spicuous and more respectful of the law. Those who hunt 
for the pot or the market are more difficult to control. The 
length of broken coastline makes it easy for poachers to 
conceal their canoes, and because the trees deaden sound 
so effectively, gunshots can be heard only for a few 
hundred metres. 

As soon as they had agreed on the west bank additions, 
the Smithsonian put up signs warning that entry is 
restricted. They cut 1 1 kilometres of trail along the Palen- 
quilla and Gigantito boundaries, and put up a barbed wire 
fence along the entire length to keep out cattle from some 
of the adjacent farmed areas. The number of patrol 
wardens was increased from 7 to 15 and members of the 
Panamanian National Guard began to help out on a tem- 
porary basis. The wardens conduct foot and boat patrols 



Ocelot 



24 hours a day and seven 
days a week; they also con- 
duct aerial patrols, particu- 
larly in the dry season. 

Recau.se the nature 
monument extends over a 
considerable part of the 
adjacent waters of Gatun Lake, the Smithsonian has 
bought large patrol boats. Vast areas of the lake are 
inaccessible to motor craft because of the tree trunks 
submerged when the Chagres River was dammed to form 
the lake in 1914, and so a zone of restricted entry, of about 
one to two hundred metres off shore, has been established. 
Anyone found within this zone in possession of firearms or 
dead game animals can be arrested and chargefd with 
poaching. 

Once the boundaries and legal status of the nature 
monument were settled, the Smithsonian began to develop 
a management plan for the additional areas. Many re- 
searchers want a programme of clearing selected areas 
periodically so as to maintain samples of all stages of 




Merlin Tuttle photographed 
this fringe-lipped bat, 
Trachops cirrhosus, as it 
emerged from its roost in a 
large hollow tree in Panama 
(above). The bat is attracted 
by the mating calls of frogs 
and swoops down to make a 
successful catch (right). To 
escape attack, frogs often 
sing from the protection of 
thorn bushes or noisy 
waterfalls 



Some more of the denizens 
of Barro Colorado (below). 
The vine snake is one of 28 
species of reptile; the tree 
frog, one of 52 species of 
amphibian. The spiders are 
quite simply astonishing and 
there are few areas rvhere 
the endangered red spider 
monkey, Ateles geofroyii, 
moves with such indifference 
to man 



Two species of Morphu feed on Gustavia 



Vine snake on Helicunia 



Agalj'chnis tree trogs with eggs 
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forest regeneration. One proposed project would attempt 
to short-cut the lengthy process of natural regeneration by 
planting a mixture of late second growth and climax 
species on what was recently a ricc-growing area; that is, 
planting species that normally would encroach only after 
several generations of pioneer species and other quick- 
growing types had come and gone. Another proposal is to 
try to find a native tree that will successfully compete 
with Panicum maxima, a fire-resistant, soil-debilitating 
African grass that has become a plague in much of the 
neotropical region. 

President Royo gave biological research in Panama an 
important boost when he decreed that the Republic's 
National Directorate of Renewable Resources (RENARE) 
should set aside 22 000 ha of forest in the former canal 
zone to be known as Sovereignty National Park. It includes 
the experimental Summit Gardens and the Pipeline Road 
Reservation, an area of some of the finest forest in central 
Panama, protected for many years because of a pipeline 
built during the Second World War. The new national park 
is contiguous with the nature monument and together they 
constitute over 40 per cent of the remaining forest in the 
watershed basin of the Panama Canal. We hope that the 
areas will allow for some of the larger rare species of birds 
and mammal, such as macaws, harpy eagles and jaguars, to 
be preserved. The prohibition of hunting, though still not 
entirely effective, has already resulted in a noticeable 
increase in some of the game species. 

The nature monument and the national park are im- 
portant components in the canal watershed. As such they 
govern, to some extent, the water supply for the canal and 
the country's two largest population centres. Because of 
their close proximity to the cities there will undoubtedly 
be pressure to use the Barro Colorado for recreation or 
agriculture. 

Nevertheless Panama is now firmly committed to protect 
these unique resources and the decision to forgo small 
and short-term economic benefits will be offset by the 
area's future value as comparable regions of tropical moist 
forest disappear; several recent studies indicate that 50 
per cent of existing tropical moist forests will have been 
destroyed by the year 2000. 

With its new legal status and the continued encourage- 
ment of the US and Panamanian governments, Barro 
Colorado should serve as a model to catalyse the establish- 
ment and support of similar reserves elsewhere. □ 
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THE GENIUS 
YDU CAN TAKE 
TOBREAKEAST. 

Now, at last, real portable computer 
power The new Sharp PC 1 500 
pocket computer A pocket-sized 
genius that will travel with you to 
conferences, seminars and business 
breakfasts. 

The PC 1 500 has the capacity 
and BASIC language usage that is 
very nearly that of the desk-size 
Personal Computer When fitted 
with the optional 4-colour graphic 
printer, it is one of the most powerful 
pocket computers on earth. 

Chores can be handled swiftly 
and accurately any time of day 
wherever you happen to be. 
Estimates, records and charts of 
sales, billings and other important 
data can be re-programmed, 
calculated and summoned at the 
touch of a button. It can even play 
blackjack, analyse your biorhythms 
or give you a beeped reminder of a 
scheduled meeting. 

Large memory capacity up 
to 1 1 .5K bytes. 4-colour print-out. 
Six user-programmable keys. 

The incredible new PC 1 500. 
A revolution in pocket computers. 

From Sharp. Where great ideas 
come to life. 




SPECIFICATIONS PC 1500 



10 digits (mantissa) + 2 digits (exponent) 
BASIC 

C MOS 8-bitCPU 
ROM: 16K bytes 

RAM : 3.5K bytes expandable to 1 1 .5K bytes 
C MOS battery back-up 
7 X 1 56 dots mini-qraphic display 
(English upper- and lower-case letters, 
numbers, special signs, etc.) 

CE 150 Colour Graphic Printer/Cassette interface (Optional) 



Number of calculations 
Program language 
CPU 
Capacity 

Memory protection 
Display 



Colour Graphic Printer 




Power source 


Built-in rechargeable battery 


Printing digits 


Standard 1 8 digits (36, 18, 12, 9, 7, 6, 5, 4 


digits selectable) 


Printing system 


X-Y axis plotter system 


Printing mode 


Graph/Text switchables 


Character sizes 


9 different sizes from 1 .2 x 0.8 mm 




to 10.8 X 7.2 mm (from 1/16"x 1/32" 




to 7/1 6" X 9/32") 


Printing colours 


Red, blue, green, black 


Printing directions 


Right, left, up, down 


Minimum step width 


0.2 mm (1/64") 


Cassette Interface 


Up to two cassette tape recorders can be 




connected 


CE 151 Memory Module (Optional) 


Capacity 


4K-byteC-M0b RAM 


CE 155 Memory Module (Optional) 


Capacity 


SK-byte C-MOS RAM 




BASIC LANGUAGE SPECIFICATIONS 
PC 1500 



Commands 
Statements 



Functions 

Variables 

Operations 

Others 

CE 150 Printer 



Commands 
Statements 



Cassette Interface 



Commands 
Statements 



RUN, NEW, LIST, CONT, TR ON. TR OFF, 
LOCK, UNLOCK, STATUS, MEM 
INPUT PRINT GPRINT CURSOR, 
GCURSOR, PAUSE, USING, WAIT CLS, 
IF . , THEN, STOP GOTO, ON . . . GOTO, 
GOSUB, ON . . . GOSUB, RETURN, 
ON ERROR GOTO, FOR . . . TO . . STEP 
NEXT END, DIM, LET REM, DATA, READ. 
RESTORE, BEER AREAD. ARUN. CLEAR. 
RANDOM. DEGREE. RADIAN. GRAD. 
BEEP ON. BEEP OFF 
SIN. COS. TAN. ASN ACS. ATN. LN. LOG, 
EXP DEG. DMS. RND. SOR (i -). SGN. 
ABS. INT PI M. LEFTS, RIGHTS. MIDS. 
ASC. VAL. LEN. CHR$, STRS. POINT 

A ~ Z, AS ~ ZS. two-letter variables 
possible, two-dimensional arrays applicable 
+ . — . ■. /. (. ), ■. <■ >=,<=,<>, =, 
AND. OR. NOT & 
INKEYS. TIME. , ; : " 



LLIST TEST 

LPRINT TAB. LF ROTATE. COLOR. 
GLCURSOR. SORGN. LINE. RLINE. CSIZE. 
TEXT GRAPH. LCURSOR 



CSAVE. CLOAD. CLOAD' MERGE 
INPUT#. PRINT#. CHAIN. RMT ON. 
RMTOFF 



To: Sharp Electronics (UK) Ltd, Computer Division, 
Sharp House, Thorp Road, Newton Heath, 
Manchester M109BE.Tel: 061-205 2333. 

P/ease send me details of the Sharp PC 1500 
Type of application : 



Name: 



Address: 



NS:2 



The world of 



where great ideas come to life. 



Design and specifications subject to change without notice. 
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Roman ships 
in a German hotel 

The last of the Roman navy that lost out to the 
Barbarians from the north more than 1500 years 
ago has surfaced in a hotel garage in Mainz 

James Hansen It comes down to this — what was a 

fleet of 1500-year-old Roman war- 
ships doing buried in the garage of the new Mainz Hilton? 
Workmen clearing the site for construction of the new 
hotel found the first traces of the Roman craft. Archaeolo- 
gists called in to evaluate the find went on a day-and-night 
dig for 2'2 months to discover the well-preserved remains 
of at least 10 ships dating from the last days of the Roman 
Empire. It may be that this graveyard of ships is remark- 
able evidence of the final collapse of Roman defences 
against barbarian invaders in the North; a souvenir of the 
beginning of the end. 

The craft found in the dig were warships. The most 
common type was a fast patrol boat of a kind the classic 
texts call naves lusoria. The two Roman legions that were 
stationed at Mainz, in present-day West Germany, used 
these craft to patrol the Rhine. The river, with the legions 
behind it, was the bastion against ill-intentioned bar- 
barians; the principal line of defence against the Goths, 
Visigoths, Vandals, Franks and others who eventually over- 
whelmed the Empire of the Romans. 

In the West, the northern border of the Empire followed 
the Rhine all the way to the North Sea, near what is today 
Rotterdam, and was thick with commercial shipping as well 
as military traffic. The Romans even used the river to trans- 
port timber and stone from as far away as the Alps to 
build fortifications in the Low Countries where these 
materials were scarce. But according to the leader of the 
dig, Gcrd Rupprccht, an archaeologist from the West 
German Amt fiir Bodendenkmalpflege (Archaeological 
Conservation Authority) "what we've found are definitely 
military craft. These patrol boats are built for speed, long 
and very narrow, with room for 26 rowers — 13 on a side — 
but no room for cargo. 

"We believe they are the first oar-powered Roman craft 
to be found along the Rhine. Civilian shipping depended 
on the current and small sails to go downstream, and on 
pushing with poles or towing from the shore to go back up. 
Rowing crews were well-paid specialists and too expensive 
for civilian commercial use." 

These fast patrol boats were not the only discovery. Ship 
number three turned out to be an unusual type of imperial 
transport. "The only other example of this kind of craft 
has been found in Egypt, though we know it from the old 
texts," comments Olaf Hockmann of the Central Museum 
of Roman Antiquities who is a specialist in nautical 
archaeology and a collaborator on the dig. "It is a beamier, 
wider boat, powered by both oar and sail. It had a cabin 
or a hut above deck. These craft were used to carry high- 
ranking officials of the imperial government on tours of 
inspection." 

These ships all went down at roughly the same time not 
quite 16 centuries ago. Their good state of preservation is 
due to their burial by the shifting course of the river. The 
site of the dig is about 150 metres from the present bed 
of the Rhine. Centuries of flooding and sediment carried by 
the river built up an overburden of 7 metres of clay and 
sand above the sunken ships. That, and the fact that they 
lie slightly below the present-day water table, kept oxygen 
from getting to the hulls. The oak planking and timbers 

James Hansen is a freelance writer working in Rome. 



Over 2'2 months the building 
site yielded 10 Roman ships- 
war ships, designed to be 
rowed, and some more than 
20 metres long. Burial in 
Rhine mud ensured their 
preservation 




could not rot and the iron nails could not rust. 

Dendrochronology (tree-ring dating) has been carried 
out on several of the craft. Ship number one, a patrol 
boat, turns out to have been built with oak cut in ad 376, 
according to Eckhardt HoUstein, of the University of Trier, 
who did the dating. He thinks the wood was used green, 
so that is probably also the date of the ship's construction. 

That same hull, though, underwent major repairs later 
with wood cut in 385 and then again in 394, according to 
HoUstein. This is interesting because the last Roman 
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troops were pulled back hurriedly from that part of the 
frontier only a few years later, in 406, to defend the heart 
of the Empire against the first invasion of the Goths. It is 
an event which Edward Gibbon, who had a flair for the 
dramatic and didn't like Germanic invaders, described in 
this way: 'The barriers which had so long separated the 
savage and the civilised nations of the Earth were from 
that fatal moment levelled with the ground . . . the 
fortresses of the Rhine were abandoned, and the safety 
of Gaul was protected only by the faith of the Germans 



and the ancient terror of the Roman name." 

Both faith and terror proved insufficient. Only four 
years later, in 410, Alaric and his Visigoth companions 
sacked the city of Rome itself. The Empire never returned 
to Mainz, or to the Roman province of Germania Superior 
of which it had been the capital. 

So the question is this: have Rupprecht and Hockmann 
found the remains of the Roman river fleet scuppered by 
the legionnaires when they were suddenly ordered to pull 
back from the Rhine? 

There is much to suggest that they have. The craft, 
which appear to have been in reasonably good shape at 
the time of their sinking, were carefully stripped of all 
movable material before being abandoned. "We found no 
trace of oars, anchors, masts or any kind of cargo," says 
Rupprecht. "Even the rower's benches had been carried 
away. And," he adds, "there is no indication that they 
were sunk by direct enemy action." 

Hockmann points out, "we don't think this site was 
simply a wrecking yard. There are repairs on some of the 
craft, particularly on ship number three, which do show 
signs of wear. You do not overhaul a ship in one moment 
and scrap it in the next." 

Still, the hypothesis that this sunken fleet is a telling 
trace of the sudden collapse of the Empire is, well, 
dramatic. Rupprecht and Hockmann find the idea attrac- 
tive; the dates are right, the ships and the apparent cir- 
cumstances of their sinking are right; but the proof is not 
conclusive. Just to be fair about it, they would like to find 
another plausible explanation for the mass sinking of at 
least 10 ships. The count may go higher; there seem to 
be fragments of other craft as well. "There is the possi- 
bility," Rupprecht and Hockmann hedge carefully, "that, 
say, an exceptionally severe winter and resulting heavy ice 
on the Rhine sank the fleet . . . taking into account the 
kind of damage, we may in one or two cases consider its 
having been caused by ice pressure." On the other hand, 
if the crews had been around to haul the boats out of 

the water, that would not 



Waterlogged timber must not 
be allowed to dry too 
quickly. The ships are well 
worth preserving, but who 
has room for them? 



have happened. 

However it was, these 
warships are very old and 
unquestionably saw times 
that now are almost myth- 
ical. "The late date," says 
Hockmann, "implies that 
the Mainz boats, or some of 
them, may be considered to 
give testimony to the 
heroic attempts of late 4th 
century emperors like 
Valentinian to secure the 
Rhine frontier." 

All of this poses an inter- 
esting problem for an 
eventual curator. These 
naval relics are not small 
(several of the best-pre- 
served reach lengths near 
20 metres) nor are they of 
_ ^^m> overwhelming aesthetic in- 

terest. They look like 
exactly what they are: extremely old boat hulls. For now, 
they are being stored in tanks of water in a Mainz suburb. 
Left to dry out in the air, the wood could shrink to half the 
dimensions it has in its present super-waterlogged state. 
The Germans hope eventually to be able to preserve the 
craft by treating them with polyethylene glycol. 

When that is done, someone will have to decide what to 
do with them. Still, they are too much history to be locked 
up in a museum sub-basement. The Fall of the Roman 
Empire deserves better. □ 




Sure fire 



Delta reliability extends across more than 150 suc- 
cessful launches and 22 years, placing into orbit more 
meteorological, communications and scientific satel- 
lites than any other Free World launch system. Thirty 
more Delta launches are scheduled through 1987. 

Why? 

Because no other system offers the demonstrated 
reliability the NASA and McDonnell Douglas team provides 



Delta 



n/ICDOIMIMEi-L. 



with Delta. No other launch team offers the demonstrated 
ability to launch your satellite on time. A third stage, PAM, 
which mates your payloads with either Delta or Shuttle, 
gives you launch options to synchronous orbit no other 
system can offer An uprated PAM for Shuttle, with un- 
matched capability, will be available in 1985. 

When it's your satellite on the pad, make sure you . 
get what you want most; A sure fire. 

/PAAI /^^^ 

Cci. , 
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Could life have happened by accident? 

H. N. V. Temperley has calculated that life could have started on Earth without intervention from outer space 



THE OLD argument between the 
theory of special creation and the 
idea that life could have evolved 
from the inorganic materials that existed 
on the primitive Earth, has recently 
acquired a new dimension. Fred Hoyle 
and Chandra Wickramasinghe — in two 
recent books, Evolution from 
Space and Diseases from 
Space — emphatically reject 
the traditional view of the 
origin of life. Most scientists 
accept the conventional idea 
that on the primitive Earth, 
there was no ozone layer in 
the atmosphere, thus open- 
ing the way for the synthesis 
on the seashores of simple 
organic compounds, such as 
amino acids, under the influ- 
ence of the ultraviolet light 
from the Sun. 

Hoyle and Wickramasinghe 
claim that the idea that life 
could have evolved from 
such a "primitive soup", is 
"too improbable". They put 
the same question in another 
way. Where can the vast 
store of "information" in a 
single-cell organism have 
come from on such a theory? 
They claim to have shown 
that the odds against "life" 
evolving are 10«"*° to 1. They 
make various other claims, 
for example, that it is much 
easier to explain the fossil 
record if Darwin's ideas are 
supplemented by the idea 
that the Earth is continually 
collecting "loose" genes from 
space. Also they claim that 
some evidence on epidemics 
is more easily explained if 
the viruses that caused them 
originate from space. 

I shall not discuss the two 
latter points, but I shall criti- 
cise the argument based on 
the related concepts of "prob- 
ability" and information". 
The conventional connection between 
"information" and "loss of entropy" is 
admittedly useful in some contexts, but 
not in all. For example, if a river freezes 
and then melts it has little meaning to 
say that it acquired a vast store of "in- 
formation" when it frozen and lost it 
again when it melted, or to ask where 
the information "came from". The whole 
essence of the concepts of gain and loss 
of "information" and "entropy" is that 
they do not obey simple conservation 
laws but are altogether more subtle. 

The form of the argument based on 
probability of spontaneous occurrence is 
easier to deal with. I envisaged the pos- 
sibility of such calculations in my book 



A Scientist Who Believes in God (Hod- 
der and Stoughton, 1961) but, at that 
time, we simply did not have the data 
we needed to enable us to make the 
required calculations. 1 now claim that 
we can at least estimate the probability 
of what must have been the first step 




in the evolution of life. 

Life is generally define<J as a "selt- 
replicating" process, and simple esti- 
mates show that the probability that 
something very similar could have hap- 
pened spontaneously during the 10* or 
so years that the Earth has been cool 
enough amounts to near certainty. 

Hoyle and Wickramasinghe arrive at 
the famous figure of 10*"""" to 1 as fol- 
lows: A living cell has a chain of amino 
adds of which there are 20 different 
kinds. They suggest that, for an enzyme 
to work by the amino acid chain assum- 
ing its correct configuration in space, at 
leeist 20 to 30 key amino acids must be 
"right". The probability of this happen- 



ing by accident is estimated at 20-*', 
say 10-»». The probability that a 
thousand different enzymes appeared by 
accident in a small volume is thus 10*°"" 
to 1 against, as they claim. 

Unfortunately for this argument, no 
one, as far as I know, seriously claims 
such an origin for life! 
As Mark Ridley has pointed 
out (New Scientist, vol 92, 
p 188): "Darwinians emphati- 
cally do not believe that the 
whole enzyme system of a 
cell was put together by the 
random combination of amino 
acids. The enzyme system of 
the cell is thought to have 
evolved from simpler sys- 
tems." We now have much 
more knowledge than we 
had in 1961. We have dis- 
covered the genetic code and 
are beginning to understand 
how proteins are synthesised 
We can now speculate use- 
fully on what the "simpler 
systems" might have been 
like and can assign some 
rough probabilities to certain 
happenings. 

I suggest that Ridley's 
"simpler system" consisted 
of a "proto ribosome" con- 
taining only one, perhaps two 
enzymes. One enzyme would 
act as a "jig" enabling suc- 
cessive amino adds to form 
chains. We may also need a 
second enzyme to act as a 
"cutter" when the chain 
reaches a certain length. To 
enable our suggested first 
step in the evolution of life 
from the primitive soup to 
take place — the formation of 
^ large numbers of assorted 
~ protein chains — it is suffident 
I for ojie "proto ribosome" of 
5 the kind I have just des- 
E cribed, to have appeared at 
ii one place on the Earth, once 
^ during the 10" to 10'" years. 
Once formed, in theory, such a com- 
plex can churn out vast numbers of pro- 
tein chains. (At this very early stage the 
absence of genetic coding simply en- 
sures that not one but a very wide 
variety of chains will be produced, some 
of which are themselves capable of act- 
ing as enzymes. If we arrive at a chain 
that is not quite capable of so acting it 
will, in due course, degrade and its 
material becomes available for fresh 
"attempts".) 

Once the essential "joining" enzyme 
has formed, protein chains will be 
created very rapidly and the stage is 
thus set for further evolutionary steps. 
Professor Wickramasinghe has critidsed 
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this last statement as "delightfully 
unquantifiable". In our present state of 
knowledge it is indeed, but this is 
emphatically not the same as saying that 
"it did not happen thus". Perhaps the 
next step was the appearance of cell 
walls? 

We can fairly easily estimate the 
various large number which, multiplied 
together, give us an estimate of the total 
number of configurations of amino acids 
that have been "worked through" since 
the Earth became cool enough! (The 
general theory of statistical mechanics 
states that a system, such as our "soup" 
of amino acids in a pool of the primitive 
sea, will, as time goes on, steadily work 
through a representative selection of all 
the possible configurations. The esti- 
mates are all "give or take a few powers 
of ten," but this is accurate enough for 
our purpose.) Coastline of "pangea" say 
KV' miles, volume of suitable water at 
sea shore say lO'"' cu.cm, say 1(P amino 
acid molecules per cu.cm, each molecule 
makes 10" collisions per second. Life of 
the solid Earth about 10" seconds. Thus 
in all, some 10"' amino add configura- 
tions will have been "tried out" since the 
world began! 

If we accept the probability of 10- ^ 
that a completely random chain could 
act as a "joining" enzyme, it is "almost 
certain" that there has been time to pro- 
duce large numbers of protein chains so 
that a very large number of workable 
enzymes have appeared. Put in another 
way, the spare factor of 10* implies that 
there has been time for the spontaneous 
appearance of something more elaborate 
in structure than just a joining enzyme, 
a "cutter" also. This would be very close 
to a "self-replicating" system, if we 
accept its property of simultaneously 
producing other types of system at the 
same time. 

My conclusion, which, for religious 
reasons, I do not particularly like, is that 
what must surely have been the first step 
in the evolution of the primitive soup 
could have occurred by accident and 
that it is therefore unnecessary to invoke 
either divine creation or the appearance 
of proto-life from interstellar space to 
"explain" the initial step. Arguments 
based on "inverse probability" are 
always difficult, but science would be 
infinitely the poorer if we could not use 
them! □ 



Professor H. N. V. Temperley recently retired from the 
Department of Applied Mathematics it the University 
Collece of Swansea. University of Wales. 

Hot gossip 

Has someone finally come up with a 
sensible and permanent answer to the 
problem of radioactive waste disposal? 

'a ra? 

to show that things 
wroPE. 

Radioactive Waale : Avnilnbit' 
from the Axsociation nf Cmintti 
's- Councils at fi6a Eaton Square, 
l-'d London SW 1. 



The crocodiles that count 



Martin Hollands describes a crocodile-farming project in Papua New Guinea 



OUR LATEST consignment of sea 
mail brought with it the issue 
of New Scientist containing 
Rupert Grey's article on the United 
Nation's Crocodile Project (vol 92, p 
328). This presents a reasonable outline 
of the objectives of the Crocodile Man- 
agement Project in Papua New Guinea, 
but it is misleading on a number of 
points. 

The project aims to replace the kill- 
ing of wild crocodiles. It does this by 
"harvesting" live hatchlings and rearing 
them in farms. The government initiated 
the project in the late 1960s. By 1977, 
when assistance from FAO/UNDP 
started, there were already 7000 croco- 
diles on farms in Papua New Guinea 
(PNG). Although the United Nations 
gave considerable assistance to the pro- 
ject between 1977 and 1981, and still 
provides two volunteers and support, it 
is not accurate to call it the "United 
Nations Crocodile Project" or to say the 
UN was instrumental in its establish- 
ment. 

Due to the extent and nature of the 
crocodile habitat in PNG the task of 
assessing the population size is daunt- 
ing, and it will be some time before 
we can do with any confidence. We 
have, therefore, tried to avoid any prema- 
ture estimates. However. I should com- 
ment on Grey's 
claim that PNG has 
a "growing" popula- 
tion of 200 000 croco- 
diles. The only area 
where we can at- 
tempt to qualify the 
population is the 
Sepik flood plain in 
the north of the 
country. Extrapola- 
tion from measuring 
the densities of 
nests in a sample of 
areas indicates this 
area alone supports 
in the order of 
80 000-100 000 fresh- 
water crocodiles 
(Crocodylus nova- 



equineae novaeguineae) and 20 000-26 000 
salt-water crocodiles (C. porosus). The 
Sepik floodplain is a relatively heavily 
hunted area with less than 30 per cent 
of the country's crocodile habitat. Thus 
the whole of PNG is likely to support a 
population of approximately half a 
million crocodiles, producing up to three 
quarters of a million eggs each year. 

It is fairly common these days for 
people who visit PNG, especially on 
adventure-orientated expeditions, to 
over emphasise the lack of contact be- 
tween the indigenous population and 
the "outside world". Rupert Grey does 
not seem to have resisted the temptation. 
It is true that without popular support 
it can be difficult to enforce conservation 
laws in remote areas, but a total mora- 
torium on export of skins could have 
been enforced if considered beneficial. 

Initially a law banning the trade in 
crocodile skins of more than 20-inch 
bellywidth was introduced to protect 
the breeding stock. Although neither 
species was thought to breed in the wild 
until about 10 years old, not the 3-4 
years stated, it is now thought that a 
significant number of C. novaeguinae 
breed when still under 20 inches. There- 
fore, the government here is considering 
a reduction in the size limit. In any case, 
now that a network exists for villagers 
to sell live hatch- 
lings to commercial 
farms, small croco- 
diles do not have to 
be killed for finan- 
cial gain. This led to 
popular support 
from both hunters 
and the industry for 
the wasteful trade 
in small skins to be 
stopped, and in May 
1981 a ban on skins 
' ■■^'Tii^^K V below seven inches 



Martin Hollands is Senior 
Ecolocist with the Crocodile 
Manajement Project in Papua 
New Guinea. 




They catch them young in PNG— then fatten them in crocodile farms 
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A combination of many factors such 
as fluctuating food supplies, seasonal 
water supplies, lack of cultural tradition 
in animal husbandry, and lo^stic prob- 
lems in sni^mlive services, all led to 
the coadiuioa that village rearing does 
not provide tiie most eflkient ntiUaation 
of die availaUe crocodiles. Most croco- 
dile rearing now occurs on a small num- 
ber of technically sophisticated commer- 
cial farms, each capable of holding 10 to 
20 thousand crocodiles, with a steady 
supply of cheap feed, sndi as poultry 
offal, ensuring high growth rates. 
Village people benefit by selling the 
hatchlings they catch to these farms 
through a network of holding pens and 
government-run collecting farms. 

Rupert Grey states that "only one out 
of every five hatchlings taken will sur- 
vive the first year of life". If this were 
true the whole concept of crocodile 
farming in PNG would be untenable. 
Fewer than 5 per cent of hatchlings 
die whilst passing through the govern- 
ment's live-purchase network, and once 
on the commercial farms mortality is 
low, under 10 per cent in the first year, 
and then virtually zero until the croco- 
diles reach culling size. I suspect that 
Grey meant this if these hatchlings had 
not been taken only one in five would 
have survived the first year in the wild. 

It is obvious that a project based on 
the cropping of animals from the wild, 
particularly of species covered by the 
Convention of International Trade in En- 
dangered Species, requires careful man- 
agement, and that an integral part of 
this is the monitoring of the wild popula- 
tion to ascertain the effect on cropping 
levels. However, the survey technique 
described by Grey, that of using search- 
lights at ol^t to count eye reflections 
has been repeatedly rejected by both 
the FAO and the government ecologists 
on the project. It is considered inappro- 
priate to the conditions existing in PNG. 

Results of night counts depend on 
many variables (including air/water tem- 
peratures, state of the Moon, weather, 
water levels, vegetation, level of hunt- 
ing) apart from die number of croco- 
diles preaent Before sudi surveys can 
be hel{^ it Is necessary to invest much 
researdi in quantifying the eflfects of 
these other variables; this may be wmrth- 
wlifle hi relatively uniform habitats vdien 
a hifl^i proportion of the craoodile popu- 

Urtien live* ia rivers: moat in the vast 
areas of surrounding swamps where 
they would not be accessible to such a 
survey. The Qrocodile Management Pro- 
ject does have an active programme 
monitoring the wild population. It is, 
however, based on repeated aerial sur- 
veys of the density of crooodQe nests 
and detailed monitoring of tiie harvested 
cn^. 

We still have mudh to learn about tiie 
crocodile populatioa ia Papua New 
Guinea, but there is every reason to 
believe ttiat we can have a muM^nillion 
dollar industry wtaich benefits die coun- 
try, the rural peop le and the crocodile 
population. O 



White-line flashers 



Donald Gould has been driving his family round the bend 



I'VE JUST GOT home from a weekrad 
by the sea in beautifiil Sussex, 
whwe I was bom, and die best of 
the English used to breed. I went to visit 
a mttch4oved elder sister, and with me 
came my dear wife, and just one of my 
many dear children, and only one of my 
"two damned dogs". And so, in theory, 
the journey there and back, undertaken in 
a well-behaved, roomy, and comfortable 
vehicle of foreign manufacture, should 
have constituted a considerable part of 
the pleasure of the expedition. 

After all, one 
child in the back of 



a car is a source 
of delightful and 
tfaoui^ - provoking 
cwmients on the 
passing scene, often 
raising questions or 
expressing view- 
points wUdi had 
never occurred to 
the fnddy - dnddies 
strapped into the 
front ("Daddy, why 
don't they build fac- 
tories underground 
so that you could 
keep cows on the 
top, and then they 
wouldn't get knocked 
down when we have 
a war either?"), 

whereas two or more children in the 
back inevitably create an ongoing and 
noisily explosive PLO/Israeli-type situa- 
tion of a kind which makes any kind of 
motorised outing sheer hell. 

And whereas attempting to take two 
leashed pooches into a pub garden for 
the necessary tea-break generally in- 
volves yappings of canine jealousy and 
excitement, and trippings over twisted 
leads, and general embarrassment all 
round, taking in just the one is like a 
Crufts "Champion of the Show" parade, 
whidi evokes "Oh, look! Isn't he a 
diaUngI*' simperings from some of the 
more sentimental occupants of neigh- 
bouring tables who don't appreciate the 
truly evil nature of the beast. (Children 
are very like does, when you come to 
think of it. Both species suck up to 
adults when alone in their seniors' 
presence, and when they think they 
might thereby earn a favour, but neither 
kind of animal can desist fnnn ugly 
strife when in the presence of their own 
kind, even though they know damned 
well diat this will emke displeasure 
among die bosses, and the consequent 
denial of rewards. Stupid uiimals, the 
two of them, I say, although I suppose 
Nature will out.) 

Of course, driving in a foreign car 
(at least, one of ftlrly recent registra- 
tion) largdy relieves yon ai the nagging 
fear that the next moment will find you 



you PASSeiD.TAKE OFF 
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in a lay-by, or on the hard shoulder of 
a murdMous motorway, desperately 
awaidng oosdy sncoonr because some iU- 
fitted item of equipment essendal to the 
motion of the veldde has broken down 
under the unplanned-for stress oi having 
to function continuously for more than 
half-an-hour at a time. 

So there we were — one husband, one 
wife, one child, one dog, travelling in a 
reliable Italian gomobile on a sunny 
Saturday morning toward the seaside 
home of a well-loved relative, and with 
the prospect of com- 
ing back through 
some of the most 
softly lovely parts of 
our island toward a 
cherished cottage of 
our own on the even- 
ing of the following 
day — it should have 
been 36 hours of 
pure delight. Well, 
it wasn't. 

The hours we 
spent at the edge of 
this precious stone 
set in a sOvm- sea 
were indeed delist- 
ful, but the gxAig 
and die coming back 
wero horrid. 

My sister lives 
just about 100 miles 
from me. The journey took four hours. 
She lives about as far from London as 
we do, but she's on the chalk of the 
South Downs, hard by the Seven Sisters, 
and we're on the drying-out peat of the 
black, flat Fens. To get to there from 
here we have to go through the Great 
Wen. 

Some of my more percipient readers 
(both two of you, my dears) will have 
twigged from the last paragraph what 
this rambling belle lettre is all about. 

Our roads have been designed by 
idiots, and are used by idiots. 

It took us about 45 minutes to get 
to London, on our way down to the south 
coast, because we have a motorway, 
called the Mil, which is a triumph of 
engineering skill and planning. It pre- 
cipitates people like me into the far 
East End of London, and then more or 
less leaves them to their own devices. 

It is perhaps very good for a few bar- 
risters and management consultants, and 
Conservative MPs, and similar happy 
citizens, who live in the Essex lushlands, 
and who now find it easier than hereto- 
fore to swan in to the office, but it is 
ridiculous to empty the incoming trade 
from East AngUa into the maz^ shop- 
ping streets of Wanstead and L^ton 
and Dagenham. 

Having got to London from Cambridge 
in under an hour, we then spent nearly 
twice as long, threading our way to the 
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south side of the Dartford Tunnel, some 
15 miles further on, and, having finally 
crossed the Thames, we enjoyed another 
couple of hours of "pleasure" motoring 
(as they say on the insurance forms) 
sidling our way through side-streets to 
the coast. 

Well, I do believe we could have made 
the journey in no less time a century- 
and-a-half ago, using a coach-and-pair. 
But what really riled me about the 
journey was the behaviour of my fellow- 
travellers. 

At some dreary point in the journey 
through East London, for example, 1 was 
sat on the outside lane of a two-lane 
dual carriageway road, proceeding at a 
few miles pier hour above the permitted 
limit of 40, or whatever, and there were 
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The bumbling 
burghers of Hamm 

by Bert Brooke 

ALL SKIING enthusiasts will be de- 
lighted to learn that the locally 
constructed funicular on the approach 
slopes to the Grosser Fischengnome will 
be completed for the forthcoming 
winter sports at Hamm-Garnish. 

A reliable informant says the com- 
pleted line will comprise of four dis- 
crete sections; each section is to 
traverse a different but quite constant 
gradient. All gradients subtend angles 
less than 45° from the horizontal, and 
each section raises the line exactly 450 

metres. 

Using a large-scale map, the Hamm 
burghers read off the various section 
lengths and translated these readings 
directly into numbers of track lengths 
— thus the small additional components 
of length due to the various gradients 
were blissfully ignored in the initial 
order for track. A further order for 32 
track lengths corrected the burghers' 
delinquency and has enabled completion 
of the project. 

The track is supplied only in pre- 
fabricated 10-metre lengths. For- 
tuitiously, the revised calculations show 
that an integral number of track lengths 
will still be needed for each of the cor- 
rected section lengths. 

Please notify the total length of the 
completed line (in kilometres). 

A £5 book tohen will be awarded to 
the sender of the first correct solution 
opened on Thursday, 2 September. 
Please send entries to Enigma No 174, 
New Scientist, Commonwealth House, 
1-19 New Oxford Street, London WCIA 
ING. The Editor's decision is final. The 
winner of Enigma No 171, Addition 
digits ail wrong was Tony Williams of 
Muscat, Sultanate of Oman. 

Answer to Enigma 171 
Addition! 2 7 6 7 

digits all wrong 



2 13 7 



4 9 0 4 



cars in front of me, and cars to the side 
of me, so that we formed a solid block 
of moving steel plate. But I am a pus- 
silanimous motorist, and like to keep a 
proper distance from the chap in front, 
so there was a little bit of vacant road 
ahead of me — 20 yards, maybe. 

Then some fool, cruising 18 inches 
behind my back bumper, started flashing 
his headhghts, indicating that I should 
shove aside to let him take the space 
ahead, despite the fact that happy 
motorists were head to tail to my left, 
so that I couldn't have got out of the 
flasher's way, even had 1 wanted to. 

After another mile or so a space did 
appear on my left, and my pursuer nip- 
ped into it, and overtook, and nipped in 
back ahead of me, thus gaining at least 
a second's worth of precious journey 
time. This manoeuvre at least enabled 
me to catch a glimpse of the flasher, 
whom I expected to be a pushy double- 
glazing salesman, or whatever, driving 
a Cortina. She turned out to be a blond 
charmer, with two pleasant-looking in- 
fants strapped to the back seat, and a 
gentle grandma by her side. 

I don't know. Perhaps we should sub- 
ject applicants for driving licences and 
architects of motorways to an intelli- 
gence test, rejecting all those who scored 
between a low/normal level. That way 
we could probably rid the country of 90 
per cent of its motorists, and 60 per 
cent of its roads, and the rest of us 
could get about in comfort. □ 

Scent poUution 

Jeff Hecht turns his nose up at an 
environmental problem 

THE MEDICAL profession has 
largely ignored our sense of smell, 
laments Dr Robert Henkin who 
runs the centre for molecular nutrition 
and sensory disorders at the Georgetown 
University Medical Center in Washing- 
ton. He says that some 16 million people 
in the United States have lost their 
sense of smell, yet his taste and smell 
clinic is the only one in the country. 

But if physicians are ignoring the 
sense of smell, marketers certainly 
aren't. Fragrances are pervasive in con- 
sumer products; they're added not only 
to such products as soaps and air 
"fresheners", but also to toilet paper, 
dolls and what are euphemistically called 
"feminine hygiene products". Fragrances 
are a big business, according to Inter- 
national Flavors and Fragrances of New 
York, which makes many of them. You 
might say it's nothing to sneeze at, but I 
take issue with that wording. In fact, 
my concern is sneezing at it 

My problem is allergies. According to 
some tests I took a few years back, I'm 
allergic to essentially everything with 
fur or pollen. A pleasant smell to some- 
one else may be an allergen to me. 

Take toilet paper, for example. I dis- 
covered scented toilet paper accidentally 




when it was the only thing in reach 
when I had to sneeze. As soon as I 
grabbed some off the roll and sneezed 
into it, I found that I had to sneeze 
again. Then again and again. The 
fragrance of the toilet paper was trigger- 
ing my hypersensitive nose. (I've since 
been told that the scent is applied only 
to the roller, from where it diffuses into 
the pai>er, but that does nothing to 
soothe my nose.) 

Then there are the dolls that a neigh- 
bour gave to my two daughters. One 
doll is named "Blueberry", and the other 
"Raspberry", and that's sort of what 
they smell like. The girls loved them, 
and the older girl took hers to bed. Alas, 
she is asthmatic and shares my allergies, 
and the smell soon had her up coughing. 
A good scrubbing got rid of a little of the 
scent, but we still had to banish the dolls 
from the bedroom. 

The latest assault on my nose came 
in the mail — a sample bar of soap. 
Fragrance is added to all mass-marketed 
soaps, even the most innocuous brands, 
says Vec Sayre of International Flavors 
and Fragrances. However, the smell of 
the sample bar was so overpowering — 
even through the unopened wrapper — 
that we tossed it directly into the trash. 

Allergies obviously can have a big im- 
pact on the sense of smell. Dr Henkin 
estimates that up to 25 million Ameri- 
cans have their sense of smell impaired 
by allergies. That includes me; I can't 
smell much of anything when my nose 
is in its usual clogged state. However, he 
says that "by and large fragrances aren't 
a major problem". Sayre goes further, 
saying that allergy problems caused by 
fragrances are "very, very rare". I, for 
one, am not convinced. 

Perhaps I'm just prejudiced against 
strong scents, but cluttering our already 
polluted air with unnecessarily strong 
fragrances bothers me. As Henkin points 
out, little research has been done on our 
sense of smell. Though it can bring us 
such pleasures as the aroma of a good 
meal, it can also be easily damaged, as 
indicated by Henkin's estimate of 16 mil- 
lion Americans who have lost their sense 
of smell. 

Could overstimulation of our sense of 
smell ultimately damage it, much as too 
much loud noise (or loud music, which 
is only another form of noise to our 
hearing organs) can damage hearing? 
Nobody even seems to have asked that 
question. Do I smell a pollution prob- 
lem? □ 
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Michael Kenward has been pondering on ethics over a free lunch or two 



COMPUTER EXPERTS rarely de- 
bate ethics with heart surgeons. 
But that happened recently when 
computer people, energy experts and 
medical researchers came together to 
entertain a group of journalists. This 
happened in what turned out to be 
almost literally a hot bed — a seminar 
held at the international executive centre 
run by Sperry Univac, the large Ameri- 
can computer company, in the Sun- 
drenched South of France, not far from 
Nice. 

Ask many people about ethics and 
they'll think you're talking about money 
and the propriety of the various ways in 
which you can make it. And there are 
certainly some ethical issues that in- 
volve finance, even for medics. As one 
speaker, a professor of biochemistry, put 
it: "People are interested in using genes 
to make things — insulin, interferon, 
money — mostly money." Say that in 
front of research scientists and you'll 
hear dissenting mutters from the audi- 
ence. Scientists prefer to deny the exist- 
ence of any venal motives in their 
activity — they do it for the good of man- 
kind and for the sake of knowledge. But 
the mixed audience in Nice — never a 
place to forget about money — ^with its 
computer men and energy pundits could 
hardly deny the financial aspects of their 
businesses. (I leave it to you to arrive 
at a judgement on the financial avarice, 
or otherwise, of journalists.) 

"Another reason why genetic engineer- 
ing is interesting is that it involves sex," 
the professor went on. No, he wasn't 
there just for the laughs, and he did 
eventually move on to some genuine 
ethical issues. For example, what will 
we decide to do when we can repair 
faulty genes in people? Professor Bob 
Williamson — the academic with the some- 
what calculated sense of humour — says 
that this will be possible before very 
long. 

It makes sense to monitor the genetic 
make up of a fetus to see if it carries 
the congenital disease thalassaemia, and 
it probably makes sense to repair that 
damage. Most people — but by no means 
everyone — would have few qualms 
about such actions. But what about 
meddling with genes to reduce the risk 
of developing heart disease? After all, 
many people develop heart ailments be- 
cause they live unhealthy lives. They 
can reduce their chances of dropping 
down dead from a heart attack by eating 
properly and taking some exercise. Isn't 
it dangerous to start mucking around 
with the stuff of heredity, just to save 
them from themselves? (Just how much 
impact gene juggling would have on 
heart disease isn't clear, but there is cer- 
tainly a genetic component in such ill- 
nesses.) "I'm rather reluctant to mess 
around with genetics unless there is a 
compelling reason to do so," said Wil- 



liamson. But one person's compelling 
reason is another person's red flag. 

Heart ailments are the territory of 
Donald Longmore, who also made the 
trip to Nice. Clearly he believes that 
there is something ethically wrong in 
spending money on artificial hearts. 
"Every penny spent on the artificial 
heart is a total waste and an aberration." 
But what about heart transplants? Long- 
more once believed in these and while he 
doesn't disown them now he does seem 
to be far more interested in catching 
people before they need such dramatic 
treatment. Unfortunately, money — - or 
rather the shortage of it — usually in- 
tervenes to render all other discussion 
of how to treat heart patients irrelevant: 
you do what you can afford to do, which, 
too often, isn't enough. 

SOMtTlMtS I UIJH I 




Ethical questions stretch beyond 
issues of money and what you do to 
people's bodies. This is where the com- 
puter men and the medics struggle on 
to common ground. One or two of the 
doctors may have decided against plug- 
ging themselves into the "wired world" 
after listening to the computer experts. 

It won't be long before it is possible 
to wire every home into a huge two-way 
communications network. Computers will, 
of course, control this network. TTiey'll 
also be able to keep tabs on what goes 
into and out of each home. So the com- 
puter could keep track of what you buy 
with the aid of your intelligent TV set; 
it could also keep its version of a beady 
eye on the bishop who watches those 
naughty movies broadcast on cable tele- 
vision. Ian McNaught-Davis, managing 
director of Comshare, raised that par- 
ticular question of ethics. And like all 
the arguments conducted in and around 
the swimming pool in Nice, there weren't 
really any answers. Even when there was 
something we could all agree on, it 
wasn't clear what should be done. 

For instance, Dr John Garrow, a re- 
searcher on nutrition, convinced us all 
that a lot of junk is sold under the ban- 
ner of "health products" but wouldn't 
it be an intrusion of personal freedom to 
deprive people of the useless pills that, 
they are convinced, help to control their 



arthritis? Obviously, someone should stop 
the trade in dangerous chemicals. Call it 
a vitamin, charge a lot for it, and even 
if it is worthless, some mug will buy it. 
One chemical that has been banned as a 
drug now turns up in some mail order 
lists as a vitamin which it isn't. That 
chemical is laetrile, a cyanide carrier 
that has killed people. 

No one supports unethical behaviour 
like that, but no one in Nice seemed to 
concern themselves with perhaps the 
ethical issue of the week. Is it on to 
accept the hospitality of a large Ameri- 
can computer company? Wouldn't some 
people look askance at individuals who 
spend a week in the South of France 
with the flimsy excuse that they are 
"attending a conference"? 

Well, the speakers earned their share 
of Univac's hospitality. And the journal- 
ists were under no obligation to write 
about the meeting, let alone Univac and 
its computers, which weren't actually 
mentioned all week in any case. But 
would I normally concern myself with 
the ethical issues of computers, genetic 
engineering or health food if I didn't 
feel that I have to do something to 
justify that time and hospitahty? Is this 
another one of the many unanswered 
ethical issues of the age? □ 

Healthy eating 

MORE THAN ONE member of the 
stalwart band that assembles New 
Scientist will be on the lookout for this 
symbol. It tells you where you can find 
a vegetarian meal. More often than 
not, you have to find some cranky nut- 
cutlet restaurant — 
probably bearing 
the name Simple 
Sustenance, Natural 
Nosh or some simi- 
larly self-righteous 
label. Now, thanks 
to the Vegetarian 
Society's new 
scheme, vegetarians 
might even be lured 
into a steak house 
if it offers what a vegetarian would 
recognise as a decent meal. TTiis has 
to be something consisting of "more than 
limp lettuce and a few slivers of wilting 
tomato and cucumber, soused in salad 
cream", as the Vegetarian Society de- 
scribes what most restaurants offer to 
those who ask for a meat-free meal. □ 



The London end of Omni magazine is 
going out with a whimper. The latest 
move In Bob Guccione's bid to save 
money — ^he has already "let go" his 
European editor — is cancellation of the 
party that the glossy science science- 
fiction magazine was to hold at this year's 
annual meeting of the British Associa- 
tion for the Advancement of Science. We 
hope that Omni has paid for the adver- 
tisement for the magazine that appears 
In the programme for the meeting in 
Liverpool next month. 
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A vision of an animal world 

East African mammals: an atlas of evolution in Africa 

Volumes IIIC and HID 

by Jonathan Kingdon, Academic, pp 394 and 352, £49 -95 each 

The first of Jonathan Kingdon's seven volumes on East African 
mammals was published in 1971. Now that the final two have 
appeared, one may well wonder whether, at the start, the 
author, a young artist/naturalist still in his twenties, really 
appreciated how monumental a task he had set himself — to 
present, as he then put it, a picture and inventory of the 
surviving mammalian fauna of 



a vast area of the globe, at 
the same time as he illus- 
trated the grandeur of the 
concept of organic evolution. 

While not a professional 
zoologist, Kingdon did not 
start from scratch. He had 
been born in what was then 
called Tanganyika, and as a 
child had learnt to know the 
country and its wildlife as his 
parents (his father was a 
colonial official) moved from 
post to post. He was trained 
as an artist, and later taught 
art at Makerere University in 
Kampala, Uganda. He had not 
been educated in the conven- 
tional manner of a profes- 
sional zoologist, so to tell the 
story as he wanted, he had to 
inform himself about the be- 
haviour, ecology and anatomy 
of all the species that he was 
going to describe. He did this 
through direct observation in 
the field, by study of bones 
and muscles, by extensive read- 
ing, and by consulting far and 
wide with other naturalists 
and zoologists. 

He also decided from the 
beginning to widen his can- 
vas so as to provide a back- 
ground of knowledge about 
East African mammals for 
those who are concerned with 
problems of conservation and 
exploitation and in order to 
help them understand the eco- 
nomic, medical and veterinary 
importance of the animals 
which were his subjects. In all 
these aims he has succeeded 
in full measure, and it might 
be enough to say just this, 
and to acknowledge and 
applaud the persistence of a 
scholar who, for near 20 years, 
has not deviated from his 
objectives. 

But Kingdon has done far 
more than simply illustrate 
the concept of evolution by 
displaying the rich variety of 
East African mammals — which 
still represent one in five of 
the 900 placental mammals 
that are alive today. The 
unique quality of his Atlas, a 
quality which translates his 
achievement into one of 



genius, is the way he has illus- 
trated his text with drawings 
which, as he tells us in the 
preface to the first of the 
seven volumes, were inspired 
by "the contemplation of 



physical beauty in mammals", 
something which he finds "a 
reward in itself". To Jonathan 
Kingdon drawing is a chosen 
way of notetaking — "the mak- 
ing of a drawing is not only a 
matter of technique for there 
is a constructive efi'ort to 
'figure' the animal; looking at 
drawings can also be an active 
retracing of this figuring pro- 
cess". For him this process 
means "recording" his animals 
in all their poses: sideways or 
head-on, grazing or alert, 
crouching or running. 

The text of a conventional 
atlas could, one supposes, have 
been written by someone who, 
while not an artist, may have 



been just as concerned as was 
Jonathan Kingdon to tell all 
he could about the habitats 
and ways of East African mam- 



Kingdon's studies 
of Oryx gazella, a 
horse-like antelope 
that inhabits the 
deserts and dry 
plains of East Africa 
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mals. The drawings might have 
been executed by an artist, say 
by a John Skeaping, whose 
imagination had been fired 
by the beauty of his subjects. 
But in all the history of zoo- 
logical "atlases", I know of 
none where the visual impres- 
sions which animals made on 
the artist have enhanced so 
richly what it was he wanted 
to relate in words, or where 
the meaning of words has 
been so intensified by the 
vision of the artist. The medi- 
eval publishers of Pliny's and 
Aristotle's animal kingdoms 
enhanced the texts with pic- 
tures of mythical animals; 
Buffon with illustrations 





provided by artists who 
had neither seen nor studied 
the animals which they de- 
picted; Brehm with not very 
inspiring, although realistic 
drawings; and Grzimek with 
expensive colour illustrations. 
No one before Jonathan King- 
don has done what he has 
done, and told us, in the most 
personal visual way, with such 
personal understanding, what 
he knows about his subjects. 

Both of the final volumes of 
the series follow the lines laid 
out in those by which they 
were preceded. "They deal with 
the bovids and horned un- 
gulates^the antelopes — and 
start by reminding us that 
human society is dependent 
on cattle, sheep and goats, 
because of the efficiency with 
which these creatures convert 
vegetation into "meat, milk, 
hide and harnessed energy". 
But, as Kingdon points out, 
"in many natural circum- 
stances other species are 
demonstrably superior to live- 
stock in the very faculties for 
which we value them, and 
there are profound ecological 
reasons why this should be so. 
Continual study of all surviv- 
ing bovid species and their 
habitats is necessary, not be- 
cause we are likely to embark 
on further large-scale domesti- 
cation, but because we are 
deeply ignorant of the pro- 
cesses which we have shrewdly 
but blindly exploited all these 
long centuries." 

He discusses, in general 
fashion, the origins of our 
domesticated species, their 
derivation from primitive 
Oligocene herbivores, and their 
adaptive and mutual evolution 
with habitats of different vege- 
tative types, leading to the 
emergence of a wide variety of 
ecological niches and herbi- 
vore digestive tracts. He 
analyses different dental pat- 
terns, and speculates about 
the course of the phylogenetic 
separation of the bovids from 

the ccrvids (deer). This leads 

into a discussion of the separa- 
tion of different genera, and 
so into a general discussion of 
sexual selection and social be- 
haviour in the hierarchical 
herds in which most of the 
species he describes live, and 
of which separate and detailed 
accounts then follow, and 
which are a delight to read. 

Some have said that what 
Jonathan Kingdon has pro- 
vided is not an adequate refer- 
ence book to the fauna of East 
Africa. One reviewer of an 
earlier volume complained 



that what Kingdon writes 
about the anatomy of his ani- 
mals is not a complete account 
of their structure and form. 
Some have commented that he 
has not been as critical in his 
use of "authorities" as they 
would have been. Obviously 
there may be ecologists who 
know more than he docs about 
a particular species, or anato- 
mists who know more about 
the skeletons of, say, primates. 
But it is equally true that 
no single man could possibly 
have satisfied every specialist 
reader, and that no specialist 
zoologist or anatomist could 
have done what Kingdon has 
done. 

Kingdon's series of books is 
unique in the history of zoo- 
logical literature. Many biolo- 
gists have focused on a par- 
ticular aspect of the living 
world to enrich our under- 
standing of some special func- 
tion; Kingdon has used his 
intellect and his skill as an 
artist to illuminate the wealth 
of a whole living world, and a 
living world in the round. He 
has reminded us that not only 
particular physiological func- 
tions or cellular mechanisms, 
but the subjects of the animal 
kingdom themselves, can be 
the material for vivid and ex- 
citing intellectual inquiry. 

Solly Zuckerman 

Lord Zuckflrman ii president of chc 
Zootogical Sociecy of London 



Women scientists 

edited by Derek Richter 
Macmillan, pp 219, £10 

One of the commonest argu- 
ments put forward to explain 
the unwillingness of girls to 
pursue science is the lack of 
"role models". In other words, 
few women teach science, few 
mothers and aunts are scien- 
tists, and a list of the best- 
known scientists of all time 
would probably contain a 
maximum of two women. It is 
correspondingly hard for girls 
to work out what sort of per- 
son a "woman scientist" is. 
Derek Richter's main aim in 
editing this collection of auto- 
biographies is to demonstrate 
what science has meant to the 
lives of 11 women. 

But these women are a far 
cry from the mothers, aunts 
and teachers familiar to most 
of us. They are, as Baroness 
Nancy Seear points out in her 
conclusion, "the survivors, the 
fittest and the fortunate". 
They are chosen to represent 



a variety of countries, East 
and West, North and South. 
In their countries, many were 
among the real pioneers of 
women's participation in 
science. Kamala Sohonie was 
the first woman to undertake 
research at the Indian Insti- 
tute of Science; Chie Nakane 
was one of the first women 
admitted to the University of 
Tokyo (one of 16 girls out of 
6000 students); and W. Muta 
Maathai was the first woman 
in East and Central Africa to 
receive a PhD — ^this was in 
1971. 

Needless to say, their 
achievements were not gained 
without perseverance and in- 
credibly hard work. Kamala 
Sohonie's first professor ex- 
pected her to work from 5 am 
until 10 pm, with one 2-hour 
break. Marian Kies trekked 
across the US and back in 
search of jobs that would not 
hamper the progress of her 
husband's career. R. Raja- 
lakshmi left her husband and 
4' 2-year-old son behind in 
India for two years when she 
went to join Doanald Hebb's 
psychological laboratory in 
Canada. 

Most of the women in the 
book are married and have 
had to divide their attention 
between their careers and 
their families. They have all 
become experts at this 
balancing act (otherwise, pre- 
sumably, they would not have 
achieved the prominence that 
entitled them to a chapter in 
the book). But . . . "Of course, 
I always had help in the 
house," says one airily, and 
others acknowledge the in- 
valuable support of mothers, 
husbands and friends in keep- 
ing things on an even keel 
during their careers. 

So should women look to 
this book as a source of in- 
spiration? Yes, if they want to 
see that some women, like 
some men, are capable of 
reaching dizzy heights against 
heavy odds. Perhaps not, if 
they want to learn what 
opportunities are available to 
those with no more than the 
usual allocations of academic 
excellence and true grit. But 
anyone should find these 
glimpses of lives in other col- 
tures intriguing; the auto- 
biographies will also be en- 
Ughtening for any aspiring 
scientist who thinks a scien- 
tific career is a logical pro- 
gression from research post to 
lectureship to chair. 

Georgina Ferry 
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A Struggle for origins 



Creation and evolution: myth or reality? 

by Norman D. Newell, Columbia UP, pp 203, $25-90 

The creationist movement, dedicated to the introduction of 
Genesis into school biology classes, is today having great success 
in America. Although courts are proving unsympathetic to laws 
demanding that creationism be taught, informally creationist 
ideas are being sneaked into many classes and (concurrently) 
evolutionary ideas are getting shorter and shorter shrift. 
The reasons for these crea- 



tionist triumphs are many-fold. 
A major factor is the per- 
ceived insecurity of American 
society, involving such things 
as the rise of crime and the 
breakdown of the family. At 
times of stress people turn to 
simplistic comforting ideas, 
and the stories of the early 
chapters of the Bible give both 
a cosy picture and straight- 
forward moral directives. But 
also the creationist successes 
ride on the failure of the or- 
thodox scientific community 
to counterattack, vigorously 
and effectively. Creationists 
have won the sympathy of 
many, simply because profes- 
sional biologists have not put 
their side of the case. 

Times are changing. I am 
told that there are now some 
17 books, either published or 
near-published, on and about 
creationism! With such a pop- 
ulation explosion, the next 
year or so should see a fairly 
healthy struggle for existence. 
Although, to continue the bio- 



logical metaphor for a mo- 
ment, no doubt different books 
will be adapted in different 
ways, thus appealing to differ- 
ent audiences. 

One of the first of the brood 
has just appeared: Creation 
and Evolution, by Norman 
Newell, a well-known palaeon- 
tologist, who worked both at 
the American Museum of 
Natural History and at Colum- 
bia University. It sets a high 
standard providing a sure 
guide to the controversy about 
origins — ^were organisms cre- 
ated or did they evolve? The 
book is written in a clear and 
easy style, well illustrated 
with simple figures and a good 
choice of photographs. I loved 
the medieval woodcut of Noah 
and his Ark. The author not 
only knows his ovm subject 
(evolution) but also the oppo- 
sition (creation). Every spuri- 
ous argument (that is, every 
argument) of the creationists 
is answered in a definitive 
fashion. As one puts down 



Newell's work, no disinteres- 
ted observer can possibly still 
believe that Genesis yields the 
basis for a sound scientific al- 
ternative to organic descent 
with modification. 

Following a brief history of 
the creationist movement, 
Newell turns straight to one 
of the major creatioinist claims, 
namely that the Earth's his- 
tory shows unmistakable evid- 
ence of a recent worldwide 
flood. Citing one piece of evid- 
ence after another, he shows 
that there simply is no scien- 
tific evidence whatsoever for 
this claim. Fossil after fossil 
can be properly interpreted 
only in such a fashion as belies 
its putative marine origins. 
Far from being drowned in 
sea water, some organisms 
were clearly buried in the 
ashes from volcanic eruptions! 

Moving on from the fossil 
record, Newell takes up the 
question of the dating of the 
Earth and its contents. There 
are a host of different tech- 
niques for measuring Earth's 
span; they all point un- 
ambiguously to an age of up to 
a million times in excess of 
the 5000 years allowed by the 
creationists. Nor does crea- 
tionism find any comfort when 
we turn from the fossil world 
to today's living organisms. 
Again and again, we find evid- 
ence of evolution. As Newell 
notes, some of the most strik- 




1^ 



ing phenomena are homolo- 
gies, particularly the similari- 
ties between the bones of the 
fore limbs of man, bird, dog, 
whale and others. Eadi of 
these hmbs serves a different 
purpose, and yet the bones are 
the same. Special creation by 
an all-wise designer makes no 
sense. Descent from a common 
ancestor does. 

I have predicted that dif- 
ferent evolution / creation 
books will probably fj^e dif- 
ferently with different audi- 



From medical chemistry 
to biochemistry 

by Robert Kohler 
Cambridge VP, pp 399 , £22-50 

The great Otto Warburg's 
highhandedness and idiosyn- 
cracy are legendary. It was he, 
as director of Beriin's Kaiser 
Wilhelm Institute of Experi- 
mental Kology, who pre- 
vented Hans Krebs from 
applying his methods to 
intermediary metabolism, 
directed staff to freeze out a 
visiting biochemist, and 
manoeuvred biophysicist 
George Wald out of the 
laboratory when it became 
clear that he had research in- 
terests slightly at variance 
with those of the chief. 

Robert Kohler sees much 
more here, though, than one 
man's character traits. He 
argues that the intellectual 
isolation of Warburg's labora- 
tory also reflected "system- 
atic structural weaknesses in 
German biochemical institu- 
tions", with their almost com- 
plete lack of a recruitment 



and reward system, and un- 
enthusiastic commitment to 
discipline building. Such is 
Kohler's perspective as he sur- 
veys Germany and the US. He 
is very much less concerned 
vyrith the influence of ideas and 
personalities in science than 
with processes of social and 
economic adaptation and com- 
petition. Science for Kohler is 
shaped by "its service roles in 
particular local contexts". 

So, in Britain, we are shown 
that while physiologists and 
organic chemists in the years 
1890-1920 recognised the mar- 
ginal benefits of a strong bio- 
chemistry, neither were will- 
ing to support it at the ex- 
pense of their own interests. 
Lacking an independent re- 
ward system, as in Germany, 
biochemistry therefore evolved 
only gradually and uncertainly 
into a quasi-independent dis- 
cipline. There was nothing like 
the sustained nationwide 
reform movement which 
spawned a chair in virtually 
every medical school in the 
US by 1925— by which time 
Britain had only four. 



For anyone tempted to be- 
lieve (as we all do as students) 
that scientific specialities are 
fixed orders of nature, this is 
an enUghtening book. And it 
gains much of its force not 
only from the author's deter- 
mination to analyse biochemis- 
try as a political institution, 
but also from his use of re- 
sources not usually tapped 
during the writing of science 
history. Above all, there is the 
rich lode of information in 
university archives, telling us 
why particular chairs were 
created and why appropriate, 
or inappropriate, appoint- 
ments were made to them. The 
paramount role of academic 
departments is, indeed, to 
embody and perpetuate dis- 
ciplines, so it is surprising that 
so few historians have ex- 
ploited records of this sort 
in the past. 

Two criticisms. First, the 
density and style of this book 
are such as to discourage 
many folk other than his- 
torians of science from buying 
or reading it. A shorter, more 
accessible version would un- 



doubtedly be of value for 
scientists and indeed students. 
After all, analysis designed to 
broaden our vision of how 
science evolves should scarcely 
be restricted to other analysts. 

Secondly, Robert Kohler 
really has gone overboard in 
minimising the importance of 
ideas and discoveries in shap- 
ing the emergence of bio- 
chemistry. It is as though a 
Sunday Times feature writer, 
describing the commercial 
emergence of big-time golf, 
were to ignore the skills of in- 
dividual players. Strange, for 
example, that Kohler should 
say so very little about the 
founder of microbial chemis- 
try, Marjory Stephenson. 
Aside from a brief, bald sum- 
mary of her work, we are told 
no more than that chemical 
microbiology gradually be- 
came a subdepartment of the 
Dunn Institute, Cambridge, 
and that MRC established a 
unit devoted to the subject 
shortly before her death. Does 
not the potency of her vision 
deserve greater attention than 
this? Bernard Dixon 
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ences — I think Newell's book 
will appeal most to the non- 
professional reader. 

One critical comment is that 
(naturally enough) Newell 
concentrates most heavily on 
the fossil record. To a certain 
extent, this plays into crea- 
tionist hands. They too con- 
centrate on the fossil record, 
arguing that it disproves 
evolution. Of course, it doesn't, 
as Newell well shows. But 
even talking at length about 
the record helps support the 
creationists' distorted view of 
evolutionary logic, namely that 
evolution stands and falls by 
the record. It does not. Fossils 
are but one part of the story, 
along with embryos, geo- 
graphical distributions, homo- 
logies and much more. We 
must not give the creationists 
unfair advantage, by inadver- 
tently letting the discussion 
Tollow their favoured form. 
Newell's later discussion 
proves beyond doubt that there 
is more to evolution than the 
fossils. I only wish he had let 
the reader know earlier. 

But this is a grumble, not 
a condemnation. This is a good 
book to give to your students 
or your relatives, when they 
ask you if there is anything in 
the creationist claims 

Michael Ruse 

Michael Rum is professor of philosophy and 
history ac the University of Guclph, 
Ontario, and author of Darwinism Defended 
(Addiion-Wesley. 1982). 



Sacred geometry 

by Robert Lawlor 
Thames & Hudson, pp 112, 
£3-95 " 



Sacred geometry is the study 
of various compass and 
straight-edge constructions de- 
veloped in the art and archi- 
tecture of Islam, Christianity, 
Hinduism and elsewhere, as an 
integral part of the whole 
system of religious belief. 
"The resultant forms contrast 

strongly witli the rectangular 

structures of contemporary 
secular culture, and generally 
excite even those who have no 
notion of the underlying meta- 
physics. Also, many of the geo- 
metric principles continue to 
be interesting in their own 
right, and could, for example, 
provide valuable extra source 
material for schools, stimulat- 
ing a new interest in mathe- 
matics through its connection 
with art and cultural history. 
From this point of view, 
Robert Lawlor's book, as well 
as being richly illustrated, has 



New Guinea tapeworms 
and Jewish grandmothers 

by Robert S. Desowitz 
Norton, pp 225, £9 -95 



There is more to a disease 
than its symptoms and mode 
of transmission. Yet the role 
of human behaviour in main- 
taining disease, spreading 
disease, preventing disease 
control, and even adding new 
diseases, has yet to receive the 
attention it merits. It seems 
we are often our own worst 
enemy. Ignoring long-term or 
indirect consequences, we dam 
rivers, clear forests, and en- 
courage the flies, ticks, snails 
and other vectors of disease. 
By travel we spread diseases 
to new areas. Throughout the 
world we assume that drugs 
and insecticides can control 
diseases, so we neglect time- 
honoured means of hygiene 
and sanitation. When our 
chemicals fail we search for 
new ones and choose to ignore 
the consequences of our bad 
land-management. 

This is the message from 
Dr Robert Desowitz's racy but 
charming book. Written in a 
light-hearted style, these fas- 
cinating "tales of parasites 
and people" will amuse many, 
interest all, and offend only 
those who object to occasional 
Americanisms in the text. One 



the welcome aspect of present- 
ing nine workbooks of con- 
struction exercises for the 
reader to do. I particularly 
liked number 7 with its novel 
construction of the regular 
pentagon and the 99-9 per 
cent accurate squaring of the 
circle. 

Unfortunately, there are 
small errors throughout and a 
general failure to develop a 
clear and sufficient exposition 
of the required Euclidean prin- 
ciples. The bulk of the text, 
which provides a continuous 

mystical commentary, should 

be scrapped to make way for 
a more wholehearted attempt 
at the mathematics. I finally 
lost hope for the author's philo- 
sophical contributions when 
the originating idea of the 
Holy Trinity was attributed to 
the numbers 0.618 . . ., 1.618 
. . . and 1. Compare this with 
the entertaining clarity of Fred 
Hoyle who, when examining 
the geometry of Stonehenge, 
suggested an alternative source 
in the Sun, the Moon and the 
nodal axis where their paths 
cross! Robert Dixon 



feels the book could have 
been more forceful, consider- 
ing the neglected importance 
of its theme, but for those who 
wish to explore more deeply 
there is a well-selected list of 
key references for each chap- 
ter, and an adequate index. 

While rich in facts as well 
as anecdotes, the book suc- 
ceeds in teaching a lot of 
parasitology. One learns not 
only of the titular tapeworms 
in the gefilte fish already, but 
also of anisakine worms in the 
Sashimi (with even a recipe 
for it!). The important vector- 
borne diseases — ^malaria, tropi- 
cal river blindness, sleeping 
sickness and schistosomiasis 
(bilharzia) — are all beautifully 
dealt with, as are some of the 
newer emerging diseases such 
as dog heartworm and human 
babesiosis o n Nantucket 
Island. There is even a chap- 
ter discussing the possible 
benefit of intestinal worm in- 
fections to asthmatics. 

But this is far from a dry 
treatise on disease, this is a 
sound discussion of human 
ecology, ranging from primi- 
tive tribesmen in New Guinea, 
to rich holidaymakers in New 
England. Schistosomiasis, for 
example, is not just the story 

of snails and worms infesting 

your liver and bladder, it is 
the story of how a hydro- 
electric dam built across the 
Volta River changed the pre- 
valence of the disease from 
0-3 to 100 per cent in three 
years, and how this was re- 
peated by the Aswan Dam in 
Egypt. African sleeping sick- 
ness is no longer just the story 
of trypanosomes and tsetse 
flies, but of overgrazing and 
climatic change leading to de- 
creased rainfall and desertifi- 
cation, because cattle herds 
freed from the disease can in- 



crease beyond the capacities 
of the fragile ecosystem. 

Diseases, both human and 
animal, are not isolated cycles 
of cause and cure as many 
traditional textbooks would 
imply. They are aspects of 
whole ecosystems, intimately 
related to the geography and 
ecology of broad endemic 
regions in which human be- 
haviour must be balanced with 
the capacity and potential of 
the land. Narrow approaches 
to specific problems can lead 
to disaster, like fish farms to 
feed undernourished Kenyans 
led to mosquitoes and malaria. 

It seems our medical para- 
sitology textbooks deserve 
some rewriting, and Deso- 
witz's book should be required 
reading for our medical 
authors and lecturers. Many 
well-intentioned schemes to 
control diseases, alleviate 
poverty and generate industry 
have come unstuck due to in- 
adequate understanding of 
human and animal behaviour 
within the affected ecosystem 
— so our scientists and admini- 
strators should read the book 
as well. Even the goim 
amongst us, who eat no 
Sashimi, shun foreign parts 
and regularly pay their health 

insurance, should r1.«o road 

this "bedtime book of para- 
sitological stories", because it 
will interest them, and it's 
fun! Chris Schofield 



Chrii Schofield is a member of the Depart- 
ment of Entomolofy at the London School 
of Hygiene and Tropical Medicine. 
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ma HIND nirRuvEii. 



The last dinosaurs 

by L. R. Croft 

ElmtDOod Books, pp 80, £4-95, 
pbk £2-95 

A great British tradition was 
unfortunately broken seven 
years ago, when Sir Peter 
Scott and Dr Robert Rines re- 
galed the media on the latest 
from Loch Ness, not during 
the approved month of 
August, but in November. Tbis 
resulted in similar contribu- 
tions to entertainment being 
published outside the open 
season. In an attempt to re- 
vert back to a noble tradition 
I feel that at least the review 
of The Last Dinosaurs should 
appear in August. 

The theories of dinosaur ex- 
tinction are legion and year 
after year one of the set 
theories is taken out, polished 
up and sprinkled with a little 
jargon, not too much but just 
enough to sound erudite. The 
really significant and note- 
worthy aspect of this book, is 
that it presents a completely 
new theory of dinosaur extinc- 
tion, which would equally ex- 
plain the extinction of the 
lizards, turtles and crocodiles 
which did not happen but is 
not able to account for the 
disappearance of the ammo- 
nites and phytoplankton which 
did. 

L. R. Croft is a researcher 
on the role of gamma-crystallin 
in the formation of human 
cataracts and his extinction 
theory for the dinosaurs in- 
volves cataract blindness. This 
is related to the composition 
of the lens and derives from 
joint research with Dr M. B. 
Tabet of the Royal Manchester 
Eye Hospital. The amount of 
change in the opacity of 
gamma-crystallin seems to be 
due to the age of patients and 
is taken as a measure of the 
length of time of exposure to 
sunlight. Croft and Tabet 
showed that gamma-crystallin 
when subjected to heat or 
light becomes opaque and 
Croft's book proposes that the 
extinction of the dinosaurs 
was due to cataract blindness 
associated with global heat in- 
crease. 

He also makes the sugges- 
tion that many of the struc- 
tures on the heads of dino- 
saurs — such as those found in 
Triceratops, the duck-billed 
dinosaurs and the boneheads 
— ^were to protect the eyes 
from solar radiation. Again 
this is a new illuminating 



theory and will delight 
Stephen Jay Gould and 
Richard Lewontin, as a 
modem classic of the Panglos- 
sian paradigm. It is, how- 
ever, di£5cult to envisage how 
the horns and crests could 
have functioned as eye shades 
with the orientation they actu- 
ally possessed. 

But there is no stopping an 
idea whose time has come and 
it is striking that in 1962 there 
has been a Flood of data and 
theories all pointing to similar 
conclusions. There was the 
recent observation that the 
sex of reptiles in the egg was 
determined by the tempera- 
ture and that with an appro- 
priate rise all offspring would 
be male. 

A group of Christian Funda- 
mentalists, dubbed the "Scien- 
tific Destructionists", has in- 
sisted upon a literal interpre- 
tation of the fossil record. As 
the Rev Jesse Colson, the 
leader of this group, asserts: 
"At the end of the Mesozoic 
you begin to see evidence of a 
stunning moral decline. Bones 
of wives and children all 
alone, with the philandering 
husband's bones nowhere in 
sight. Heaps of fossilised un- 
hatched, aborted dinosaur 
eggs. Males and females of 
different species living to- 
gether in unnatural defiance 
of biblical law. Researchers 
have even excavated entire 
orgies — hundreds of animals 
with their bones intertwined 
in lewd positions. Immorality 
was rampant." 

The equally serious British 
newspaper The Gruniad (on 
29 April, 1962), while noting 
"that everyone knows about 
dinosaurs", has remarked that 
"Almost nobody talks about 
therapists. But it was the 
therapists that inherited the 
Earth." There is now a clear 



scenario emerging of a dino- 
saurian Sodom and Gom- 
morah: from the disposition 
of the fossils themselves, the 
development of single sex 
communities, a new and im- 
portant role for the emerging 
therapists and the persua- 
sively argued case that the 
final extinction was due to the 
dinosaurs going blind. 

I am delighted to have this 
book, especially for the illu- 
stration (which is also on the 
cover) first published in Punch 
in 1855 and entitled: A tnsit 
to the Antediluvian Reptiles 
at Sydenham — Master Tom 
strongly objects to having his 
mind improved. I do so agree 
with Master Tom. 

Beverly Halstead 

Dr Bavarly Halsteid ii • riadar in (tcIoi )r 
at Raading University and his boolu include 
Evolution and Ecology of Dinosaurs. 



Against biological 
determinism 
Towards a liberator/ 
biology 

by Dialectics of Biology Group 
(General Editor, Steven Rose) 

Allison and Bu^by, 
pp 184 and pp 161, £4 50 each 



These two small books are 
boith about science, but with a 
political purpose. They are 
proceedings of an inter- 
disciplinary conference held in 
Bressanone, Italy in 1980 
under the title, "The dialectics 
of biology and society in the 
production of mind". The 
opposition that the conference 
intended to confront is clear 
throughout both books, with 
frequent pejorative references 
to E. O. Wilson's Sociobiology: 
The New Synthesis and 
Richard Dawkin's The Seliish 
Gene. 



Critiques of sociobiology 
and its bedfellows are by no 
means new, however this par- 
ticular attempt does represent 
the transformation of this 
opposition to a new level. 
Critiques have normally 
adopted either or both of two 
simple strategies; to illustrate 
the inadequacies of its pro- 
gramme by reference to 
failures to explain various 
anomalies within nature, and/ 
or to demonstrate the legiti- 
macy such (pseudo?) scientific 
theories confer on reactionary 
political views. In Against 
Biological Determinism (ABD) 
the contributors attempt to 
illustrate the failure of this 
prevailing neo-Darwinist para- 
digm and its concomitant 
reductionist philosophy, and 
Towards a Liberatory Biology 
(TLB) offers an alternative 
model/methodology that can 
replace it. 

The contributors are united 
in one belief and one fear. 
They are agreed that science 
and technology are not neutral 
and value-free. Rather they 
beUeve that the particular 
framework imposed upon 
science and technology from 
society serves the interests of 
late capitalism. 

The shared fear is, as 
Martin Barker expresses it in 
"Biology and ideology: the 
uses of reductionism" (ABD), 
that "the trouble with modem 
reductionist theories is not 
that they are false, but that 
they might come true". But 
while the various shades of 
Red Experts at the conference, 
ranging across disciplines 
from philosophy to neurobio- 
logy and ethology to evolution- 
ary biology, have a common 
view of the problems facing 
modern biology, the same can- 
not be said for the alternatives 
put forward. Almost the whole 
broad church of the radical 
science movement is represen- 
ted here; the only tendency 
missing is the "libertarian" 
science is social relations 
school. Jonathan Cooke in 
"Neo-Darwinism and develop- 
ment biology" (TLB) seems to 
argue that "good" science is 
inevitably progressive; Steven 
Rose wants the dialectical 
approach to supersede reduc- 
tionism in his "From causa- 
tions to translations: a dialec- 
tical solution to a reductionist 
enigma" (TLB); and Mae-Wan 
Ho and Peter Saunders are 
drawn towards neo-Lamarck- 
ism in their "Adaption and 
natural selection: mechanism 
and teleology" (TLB) — shades 
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of J. D. Banal, Pdedridi 
Engels and T. D. I^nwaho. 

1]iBBC two InmAs an not 
place to kMdc for (ha allenMi^ 
thw to rednctloiiism. Bat tbey 
are the place to hxric for a 
nunriMr of <tfher tUngs; a few 
more threadbare patches are 
U^Iighted in sociobiological 
theories; and there are some 
illuaunating individual chap- 
ters. Finally, it may well be 
that it is from these beginnings 
that an effoctive challenge will 
eventually be mounted to the 
current central dogma in bio- 
logy. The only pity is that the 
authors make so few conces- 
sions to the uninitiated in 
their language that their mes- 
sage is essentially limited to a 
small constituency of Uolo- 
gists and Marxists. 
Glyn Ford 

dim Ford is t mwabar of th* Prof rammt 
•r PollcY lUMircfc in EniinMring. Science 
and Tocnnolocy it ManchcKer Univenity. 

Theory and experiment 
in gravitation physics 

~ by Clifford Will 

Cambridge VP, pp 342, £37 -50 

Although the law of gravita- 
tion was most clearly seen and 
succinctly stated by Isaac 
Newton, certain aspects of it 
had been appreciated before 
him. Even Ptolemy had the 
vague conception of some 
force tending toward die 
centre of the Earth which not 
only kept bodies upon its sur- 
face but in some way upiield 
the order of the Universe. 
Johannes Kepler inferred tihat 
the iribmets move in their orbits 
under the influence of some 
force exerted by the Sun and 
two of Newt<u'8 oontem- 
poraries, Ghristiaaa Hoygens 
and Rdiert Hooke, realised 
that Kepler's third law of 
planetary motion implied the 
existence of a force tending 
toward the Sun which varied 
inversely as the square of the 
distance. Yet they could not 
•how how this led to Kepler's 

Other two laws of planetary 
motion nor could th^ extend 
dieir ideas to desawe more 
specific problems like tlw Innar 
motion. Newton solved all 
these problems. As ^ron so 
neatly put it, "When Newton 
saw an ai^le fall, he found . . . 
a mode of proving that the 
earth tnm'd round in a most 
natural wAirl, called gravita- 
tion, and flms is tlw sole 
mortal vibo could graf^le 
since Adam, widi a Ml or vrith 
an apple!" 
In 1915, Albert Einstein an- 



nounced an extraordinary new 
theoiy of gravttation that, 
unlike Newton's classical 
theory, coold snocessfnlly deal 
with objects moving at veloci- 
ties close to that of light in 
enormously strong gravita- 
tional fields. This extension 
vias achieved only at the 
expense of introducing con- 
siderable mathematical and 
conceptual sophistication; 
moreover, the degree to which 
Einstein's theory deviated in 
its predictions from Newton'j 
was minute — minute but 
measurable. Will's monograph 
explains in great detail the 
qualitative and quantitative 
nature of the deviations which 
displaced Nevrton's theory 
(although it is such a good 
approximation to general rela- 
tivity at low speeds that it is 
quite adequat(> for the every- 
day purpose of firing guns, 
building bridges or answering 
A-level questions) along with 
the differences between Ein- 
stein's theory and others that 
have arisen as outgrowths of 
it in recent years. 

In this respect, gravitation 
physics is a peculiarity of the 
scientific method. In most, 
more down-to-earth disciplines, 
there exists an overwhelming 
profusion of experimental data 
and all manner of theoretical 
alternatives waiting, like 
Cinderella's sisters, to provide 
a perfect fit. Gravitation is 
different. Here most scientists 
believe we essentially have the 
correct ttieory as no rival 
theories even iMpproach it in 
elegance and economy of 
ideas. 

The improvement of the 
theory they would most Uke to 
see is the incorporation ctf the 
quanUim thewy into its geo- 
metrical firameworic. Yet dur- 
ing the past 20 years eiqieri- 
mentaUsts have been w(»ldng 
very hard to dieck the unusual 
predictions of Einstein's 
-theory in natural and artificial 
environments. BnOding on die 

prindplea fint outlined by 

Robert Dicke, Will has ex- 
plained how whole dasses of 
gravitation theory can be 
dassified and how their multi- 
various predictkms can be 
codified to narrow down die 
range of plausible altemadves 
to Einstein. In pertfcnlar, he 
describes how to generate 
systematic predicdons for light 
dc^ectioii. time^elay, peri- 
helion Aift and gives a 
detailed exposition of die PPN 
formalism. 

His aim is just to provide 
tools which can handle new 



types of dieoiy that fall Into 
a general dass; the reader will 
not find in Ois book an 
edumstfvB list or classification 
of an die hybrid gravity 
theories ever suggested. The 
author isolates just a few of 
the most plausible to Ulustrate 
the quantitative results gener- 
ated by classical tests. 

It is probably fair to say 
that none of these theories 
would exist if Einstein had not 
got there first. They invariably 
incorporate minor extensions 
or extrapolations of Einstein's 
original idea. Their viability is, 
in practice, gauged by the ex- 
tent to which they can mimic 
the predictions of Einstein's 
general relativity which agrees 
with all the measurement so 
far made. They agree with 
observation only because they 
agree with Einstein. No theory 
looks radically different and 
yet remains in agreement with 
experiments. 

The most detailed and valu- 
able portions of Will's book 
deal with the proposed gyro- 
scope experiments, gravita- 
tional radiation, compact ob- 
jects and, most immediately, 
the binary pulsar. Cosmologi- 



cal models predicted by alter 
native gravity theories receive 
only the scantiest treatment 
which is disappointing because 
they have, unlike tihe afore- 
mentioned topics, not been 
extensively and systematically 
discussed ekewhere. 

The detailed level of this 
book and the unsatisfactory 
nature of the theoretical alter- 
natives to Einstein's theory 
that are currently on offer and 
which fashion the develop- 
ment of Will's analysis will 
make it only of very specialist 
interest. The contents are 
extremely well organised and 
information can be readily 
extracted from the well-chosen 
charts and tables but I found 
the style of some sections a 
little awkward, most notably 
the introduction which reads 
like a collection of randomly 
permuted sentences! Although 
this is the only advanced text 
on the subject of experimental 
gravitation I think, in these 
days of financial astringency, 
even a library will have to 
think thrice before buying it 
John Bnrow 



John Birrow i* ■ iKlitiw In aKrenomy at 
SuiMX Univwilty. 



Vieweg books from Adam Hilger 

Wittrings 

M Knebusch & M Kotster 

A timely Introduction to some rapidly developing methods In the 

algebraic theory of quadratic forms, presenting the main ideas of 

the 'ring theoretic method'. 

April 19B2 xii-i-96pp lllus 

ISBN 3628085126 flwioover £7.00 

Numerical Methods in Fluid Mechanics 

Edited by H Viviand 

Proceedings of the 4th GAMM Conference, Paris, October 19B1 

June 1982 vil-i-343pp lllus 

ISBN 3-52W)8079-5 flexicover E20.00 

Multidisciplinary Approach to 
Earthquake Prediction 

Pmgress In Earthquake Prediction Reaearch 

Edited by A Mala lalkwa and Andraaa Vogal 

PFoceedinos of the IntematkxMl Symposium, Istanbul, April 1980 

July 1982 xvll+578pp lllus 

ISBN 3-52&0848Z8 hardcover E3&00 

Introduction to PEARL 

Process and Experimetil Automation Realtime Language 
Wulf Werum & Hans Windauer 

This book describes with many examples the most important 
features of the realtime programming language PEARL 
developed for engineers using process control computers with 
experience In realtime programmlrtg In higtvorder languages. 
July 1982 xl-i-183pp 
ISBN a52a0359(M) flexicover E7.60 

Published by Vieweg Publisbin^ Aivi Histribiitoft b\ 
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Log Ness monster 

Recent articles in your journal 
on the Loch Ness "monster" 
require some comment. 

Hr Maurice BurtCMi concludes 
his articles (Forum, 1 July, 
p41;8July,pn2) witha 
Parthian shot of how a 
correspondent of his identified 
an object "at the other side ot 
the loch" as being a great 
northern diver and not the 
monster which the innocent 
assembled crowd took it to be. 
PoMOdy your readm are not 
aware lliat Lodi Ness is aboat 

l-Skm in width down most of its 
length. The head of a great 
niHrthem diver is about the size 
of a goose's egg; it is 
completely impossible for 
anyone, save maybe Clark Kent, 
to see such an object with the 
naked eye "at the other side of 
thekidi". 

With my stalking glass, which 
I imagine is optically superior 
to Dr Burton's informant's 
binoculars, I think I might be 
able to discern a bird at the far 
side of the lorh on a calm day 
in good lighting conditions, but 
1 could not identify it. In the 
illustration accompanying the 
artide the diver has had its 
beak amputated to make its 
head fit the "acx^ted" monster 
shape. In fact the massive beak 
of the great northern diver is 
one feature which bird watchers 
use to distinguish it from the 
smaller black-throated diver, 
which in winter plumage is 
rather similar. (Incidentally 1 
hope Dr Burton's correspondent 
informed the Scottish 
Ornltbidocical Qub cS Us 
remarkable observation. The 
local RSPB officer tells me he 
has never seen a great northern 
diver on Loch Ness, and 1 
myself have never, in 12 years 
of assiduously spying lochs in 
the Highlands, seen a great 
northern diver on any body of 
fresh water.) Mtost of tba rest 
of Dr Burton's article* can be 
dismantled in a similar way, 
but mindful of your stricture 



GrimMedon Down 



that short letters have better 
publication prospects than long 
ones, I shall leave it at that. 

I approached Robert Craig's 
article (5 August, p 354) with 
relish, thinking that here at 
last was tiie soi i itU m to tiie 
proUem. llaybe it is; but 
scientific fact is so mixed witli 
flippancy and gross inaccnracy 
that it is difflcdt to know if the 
article is evoi intended 
seriously. For example: Mr 
Craig states that Loch Ness "is 
surrounded by Scots pines". I 
have driven both sides of the 
lodi hundreds of times but 
could not reocdlect any large 
stands of Soots pine. Ifudt 
birch and Norway ^pmoe^ ye^ 
smaller amounts of larcii, 
rowan, sessile oak and Douglas 
fir; but I had always thought 
that Scots pine were rather 
lacking. However to give Mr 
Craig the benefit of the doubt 
I drose half the length (that is, 
about 20km) of the loch 
yesterd^ evening; I found in 
total three Scats ^nes whose 
crowns, if they fell, might just 
be immened in tiie locfa. 
( Incidentally your drawing in 
Figure 2 shows a fir or spruce 
and not a pine. ) Can we also 
have a serious explanation of 
why a pine log should sink 
"somehow" to the bottom and 
not follow the loch's distinct 
surface current and float down 
the river Ness? 

Sinclair C. Dunnett inosmess 
Caledonian midlife 

• • • 

Can't people begin to leave 
Loch Ness alone? We all know 
there is Something there, but 
how much more interesting if 
we are not told exactly what. 
It (whatever It may be) used to 
appear with some regularity, 
often to the Town Clerk of 
Inverness or some similar 
worthy, early in the tourist 
seasm. This might give one the 
idea that it could be a Jolly 
tourist or b«vy of tourists 
having a good lime. Often 
enough, on my way north to 



Inverness for meetings of the 
Highland Panel or the Advisory 
Board, I nearly saw It. 
Sufficiently nearly to give me 
pleasure and a nice break after 
five hours' driving. Whatever 
It and Its fellows in 
neighbouring lochs may be, 
they are all part ot Highland 
Nature and surely by now we 
have learned of the dangers <rf 
interfering with Nature! 
Naomi Mitchison Campbeltown 
Argyll 

• • • 

Robert P. Craig's suggested 

explanation of the Loch Ness 
monster is the most plausible 
and convincing that I have seen 
yet. I must admit however to a 
lingering trace of doubt: Can 
he really dismiss all the 
sightings of a/the creature on 
land as Ptnus glentnonmgie or 
Ptntis gtenltvetus? 
H. /. WdUa London SE22 

Mistaken identities 

Maurice Burton's identification 
of the Loch Ness monster as 
an otter and/or a motorboat 
(Forum, 8 July, p 112) 
reminded me of two incidents 
which happened in Yellowstone 
National Park several years 
ago. My son and I noticed a 
group of people excitedly 
pointing to something on an 
open, grassy slope, in broad 
daylight, about a quarter mile 
off. At least half of these two- 
dozen folk were using 
Mnoonlars, and all were talking 
about the grizzly bear they 
were observing. Actually, the 
beast was a large bull buffalo 
(Bison), complete with horns 
and tail. Within a half-hour of 
this, we were some miles away 
from the fii.sotj when we 
stopped to photograph a 
waterfall. A man was telling his 
children, at this stop, to look 
at the two bear cubs playing on 
a log up the slope about two 
hundred yards away. We 
identified these petite beasties 
as two common ravens. 



LOOK ArrsR 7?/S KIDS 
FOR ME- JM STANPINQ 




probably arguing over a scrap 
of food. 

Having been brought up near 
the Bronx Zoo in New York 
City, I had fancied that even 
big-city f «dks wnmld know a 
buffalo from a bear — and, 
certainly, a bear from a raven 
—but ais is obviously not the 
case. 

Kohert G. Schipf 
University of Montana 

Missoula, Montana 

Stuff paradigms 

I read with considerable if 
somewhat sour amusement 
your adulation of Thomas Kuhn 
and his work (Revolution in 
S( ien<e: 20 years on, 5 
.-\ugust, p 372.) Could anything 
better display the utter vacuity 
of almost all of what passes 
for "philosophy"? 

Any man who has studied the 
history of any sdenoe is well 
aware that it is characterised 
by rather long periods of 
comparatively slow progress 
punctuated by briefer periods 
of rapid progress. Further, 
only a little thought is needed 
to see why this is generally to 
be expected. someone dress 
up these sulBdently obvious 
matters in rebarbative neo- 
logisms ("paradigm shift" etc) 
enshroud them in some hun- 
dreds of pages of inspissated 
prose, and he is hailed as a 

Bill Tidy 
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profound and original thinker. 
The denigration of science may 
be fashionable, and Kuhn and 
his admirers may have both 
aided and gained from this 
fashion: but I doubt whether 
any scientific reputation has 
ever been built upon more 
verbal flatulence. 
Professor M. Hammerton 
Department of Psychology 
The University of Newcastle- 
upon-Tyne 

• • • 

If Mozart can do something 
which causes Sir Karl Popper 
(Forum, 29 July, p 319) to think 
that Mozart is not a 
deterministic machine, this 
tells us a little about Mozart 
and Popper, but nothing about 
the deterministic nature of the 
universe, because Mozart and 
Popper are creatures of the 
same type. 

Those of us who believe that 
quantum theory contains at 
least a grain of truth find it 
hard to get a definition of 
"deterministic" which is not 
vacuous, since it is hard to see 
how else it would start than 
"If we ever know the exact 
position and velocity of all the 
particles. . .", a condition we 
believe cannot be satisfied. 
Even without the difficulty of 
posing it meaningfully, the 
question whether or not our 
universe is deterministic is 
indeterminate within our 
universe. If it doesn't obey our 
model, all we know is that our 
models are not good enough. It 
is clear that we cannot build a 
replica of the entire universe 
within that universe, and as 
Popper points out any attempt 
to replicate a part of it to see 
whether it behaves the same as 
the original itself invokes some 
model. 

I agree with Popper that the 
old arguments about free will 
are silly, but the arguments 
about whether the universe is 
deterministic or not, whilst 
admittedly different, are surely 
just as silly, and for the same 
reason. Firstly one cannot pose 
the question so that it makes 
sense, and secondly, even if 
one could, it is plain that there 
is no hope of ever finding any 
evidence either way. 

A. E. Simons Cheltenham 

G loucGstarshirc 



Broken glass 



I write with a possible 
explanation for Mr Sander's 
unnerving experience with his 
exploding fruit bowl (Letters, 
5 August, p 387). 

The absence of splinters after 
the bowl spontaneously split in 
two suggests that the event 
was caused by the rapid 
propagation of a crack through 
the glass. Microscopic cracks 
can be formed on the glass 
surface by contact with any 
solid, the extent of these 
depending on the type of glass 



and its quality. As the glass is 
vibrated or generally has work 
done on it the crack will tend 
to spread until, at a certain 
critical length, the energy being 
liberated at the tip of the crack 
is enough to keep it moving 
without outside help. Should 
the glass object be a bowl, the 
bowl will then appear to 
suddenly fall apart with a bang. 

I hope the above explanation 
will set Mr Sander's mind at 
rest and I wish him better luck 
with any replacement fruit 
bowls. 

Neil Croft Glossop 
Derbyshire 



Light bangs 



Any schoolboy could tell 
Daedalus (Ariadne, 29 July) 
that light-detonated explosives 
already exist. Many years ago I 
found this to my cost while 
dividing my latest batch of 
nitrogen tri-iodide (ammonia 
solution plus iodine, other 
former schoolboys will recall) 
into small piles in the open air. 
Although damp, the main bulk 
of the product exploded 
unexpectedly — it was in the 
sunlight, the smaller, dryer 
piles were in the shade. I was 
deaf for two days. 
David J. Fisher Cardiff 

Language barrier 

In response to H. J. Eysenck's 
challenge to specify an 
environmentalist theory to 
account for the apparently 
superior IQ test performances 
of Japanese and Hong Kong 
Chinese (Letters, 5 August, 
p 387). I suggest that the key 
factor may be language of 
education. Learning to write in 
Japanese or Chinese, involving 
as it does the mastery of 
hundreds of complex and 
subtly interrelated ideograms. 



I CBT 30 POItvrs OF 
1(5 JUSTfOR V/Rmnq 




must present young Oriental 
children with an intellectual 
challenge far greater than that 
experienced by their spoonfed 
Western counterparts. The 
mental skills acquired in this 
way might well be expected to 
give these children the edge 
over Western-educated ones in 
IQ test performance. 
An interesting test for this 



theory would be to investigate 
the IQ scores of those 

Malaysians who have Chinese 
ethnic origin. Members of this 
group who have attended 
Chinese language schools are 
proficient in written Chinese, 
whereas those who have 
attended English or Malay 
language schools are generally 
illiterate in Chinese. A 
significant IQ difference 
between these two subgroups 
would provide good support for 
the hypothesis. 

Tom IVilliamson Richmond 
Surrey 

Unfair to NRDC 

The National Research 
Development Corporation's 
considerable efforts to set up a 
Leicester University Biocentre 
(This Week, 5 August, p 349) 
unfortunately foundered some 
12 months ago for reasons quite 
other than NRDC's "demands" 
for royalties; the sole factor 
quoted in the recent Interim 
Report of the House of 
Commons Education, Science 
and Arts Committee. 

Two original and major 
members of the then proposed 
industrial consortium of four 
changed their policy in relation 
to investment in biotechnology 
at a late stage and withdrew. 
The scheme was saddled with 
having to find £'2 million for 
the new building which was 
proposed at that time to house 
the centre, an application to 
Wolfson Foundation having 
been unsuccessful. And the sum 
then being sought by the 
university, some £4 million 
compared with the £1 million or 
so now being reported for work 
on yeast genetics, presented a 
major commitment. 

Of this sum NRDC was 
intending to contribute a share 
equal to that provided by each 
of the industrial members of 
the consortium and was thus an 
equal prospective investor. It 
was readily accepted by all 
parties that the corporation, 
and of course also the 
University of Leicester, should 
benefit from any business 
developed by the centre for the 
industrial partners, who would 
then earn profits from trading. 

The above reasons for the 
failure of the original ."scheme 
are clearly documented in 
letters from the industrial 
parties concerned. Both they 
and the University gratefully 
acknowledged the substantial 
input made by NRDC to the 
whole concept over many 
months. 

R. F. Homer London SWl 

Director, Chemical & Biological 
Sciences Technology Transfer 
Division, British Technology 
Group 

Wt velcome commcnu from our 
readers. Sbort commuBicatlau 
■tand the beit chance of publlea- 
tiOB and the Kdltor reiervei the 
rifht to take eztracti from the 
loncer onei. 



SUMMER SALE 



I HP4IC compUt* plui additlflnal I 

Imam m*«lul« & stats moduls. I 

£I7S I 

I HP4IC cempl*t« plus mam. I 

, moduU A Card RMd*r. OTf M | 



HPIIC (2IC Msm. Scl. alimlina) <70 00 
HP4IC (Nawait Sci from HP) XI44 M 
HP4ICV (incorporatini quadrtm) €lf I 00 
HP4IC Card reader ilXI fl 

HP4IC Printer (42I43A} £215 00 

t 1 

NEW t 
Acc«a«ori*a for HP4IC/CV | 
PortabI* Digital Caaaatta Driv* 
(•tores up to 131,072 bytaa on a 
moveable mini dace caitetta. Filai can 
be fivcn "Meaningful" namaa. Average 
file access 13 sees, works on recharge- 
able batteries and it completely port- 
able) cm 00 
HPIL Extanalan Modula (This 
interface module enables you to com- 
municate with up to 30 peripheral! 
including line printers, maasuring 
instruments, miss storage devices, 
•uch at cassette drive al>ova, printer 
below and even other computert) 

Thermal Printer (82I62A) as origi- 
nal printer plus automatic left/right/ 
centre print justification, aKtra buffar 
alements (101 Bytes) giving mora 
storage data without slowing lyiiem. 
Greater graphics capability. Control 
sequences can be executed without 
being printed, etc., etc. rechargeable 
batteries completely portable. £273 00 



HP ECONOMY PACK 
HP4IC together with card reader, 
and printer. AM complete as manu- 
facturers spec. <440'00 

HP BUDGET PACK 

HP4ICV together with card reader 
and printer. All complete at manu- 
facturers spec. £4000$ 

Extended function and memory 
modules for HP4IC/CV now in stock. 



COMPUTERS 

HP85 ( 1 6K incorporating screen / 
printer) ClfOOOO 
HP83A (as above but without screen) 

£1500 00 
HP87 (as above but larger screen) 

£1739 00 

APPLE II, with disc controller, monitor 
plus viiical prog. £1110 00 



LEARN COMPUTING 
AND HAVE FUN! 



with Taaae t9.4A 14K Computar 
axpandabia to 40K. 

Huge variety of software available 
includini teach yourself basiciextendad 
basic statistics electrical engineering/ 
teaching aids for children. Camaa. 
space invaders, etc., available from 
stock £171 so 



COMPUTERISED CHESS 

Challenger Sensory '6' £74 95 

Challenger Sensory "9" £117 40 

Morphy Encore £I3S 00 



SPECIAL OFPER 

•TEXAS TIS9 together with PCIOOC 
(Complete as manufacturers apacifl- 
caiiona) £240 00 



•TEXAS TI59 (Card prog 960 Proa Sceai 

or lOOmem) £100 00 

*TEXAS PCIOOC (Printing Unit for TIM/ 

TI59) £14000 
•TEXAS TlSaC (Key Pro 480 atp or 40 

cont. memory £SI -00 

•TEXAS Tl PROGRAMMER (Hexadacimel 

Ocul. Dec. Converter) £44 M 

TEXAS TI55 11 LCD (10 Dig. BC'Mam. 54 

prog steps Sci Stats) ill M 



TEXAS ECONOMY OFFER 

•TEXAS TI59 Calculator (complete 

>■ manufftcturer'i spec.) inc Master 
Module 

PLUSFREE MODULE VOUCHER 

Redeemable from Texaa for Stau/ 
Maths/Surveying or module of your 
choice (Modulea normally tall at 
£36 95) £IU SO 



GOODS FULLY GUARANTEED- 
PRICES EXCLUDE VAT AND P+P. 
Compcrtf hetpitat on4 Covmrnmmnt 9r4%rt 

occepled 6y phone. 
Oinert/Barclaycard/Access/Viaa accepted by 
phone 

Tai.t 0i-4SS 9811 



EXPORT ORDERS WELCOMED 
Air FrmifhtlAir Post DmHvary. 
I Quotations on request. | 



MOUNTAINDENE 

22 Cowper Street 
London EC2 
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Classified advertisements 



Lin« Rate £3 00 per line 
CM Rate £15 00 per single 
column cm. 

A charge of £1 is made for the 
use of Box Numbers. 
All Box No. replies should be sent 
to New Scientist 



Please send your advertisement to 

Classified Advertisement Dept., 

NEW SCIENTIST, 

Commonwealth House, 

1-19 New Oxford Street, London WC1 

Telephone: 01-404 0700 

Telex: 915748 MA6DiV 6 



Classified Advertisement Manager: 
Eric Nithsdale 
Advertisement production: 
Tim Hartney 

Advertisements received by noon 
Monday will normally be published 
the following Thursday. 



APPOINTMENTS AND SITUATIONS VACANT 



National institntp for Medical Research: 




SAFETY 
TECHNICIAN 



A vacancy exists in the institute's Safety Section for 
a technician to assist with the routine commitments 
of ttie Section, to dispense radioisotopes and to 
manage the radiochemlstry laboratory. The auccass- 
ful applicant will be expected to show an active 
interest in safety and to become involved in all 
aspects of the Section's viiork. In addition the post- 
holder will assist the Fire Officer in his duties. 
Experience of handling radioisotopes is desirable 
but not essential. Applicants should have a degree 
or equivalent in a science subject. 

The starting salary depending on age, qualifications 
and experience will be in the range £5515 to £7550 
inclusive of London Weighting. 

Please telephone for an application form on 01-959 

3666, extension 218, or write to l\^r G. J. Smith, 
Assistant Personnel OfTicer, NIMR, The Ridgeway, 
Mill Hill, London NW7 1AA. Quote ref FP/F. 




RESEARCH MANAGER 

Soft Drinks Industry 

This is a key management appointment witli one of tl«e country's 
leading manufacturers of soft drinKs. The successful candidate, who 

will be responsible to the Technical Manager, will lead a small team 
engaged in trie development of new products, processes and analytical 
methods as well as the continuous assessment of existing lines. Work 
will involve close liaison with other Company functions such as pro- 
duction, marketing, sales and purchasing as the development team 
are Involved in projects from inception through production and market- 
ing trials to launch. 

Essential requirements are a BSc degree. Ideally in chemistry, coupled 
with at least two years experience of R&D wo'k in the food or flavour 
industry preferably involving soft drlniis development Preferred age 

28-40. 

Although based In Chelmsford, the man or woman appointed will be 

required to visit other company loeatfcina, and auppHara throughout 

the UK and so.ne overaoas Iraval wM ba InvoNod. 

Write with detaHa of exporianca to John Harrison, Peraonnal Manager 

(South), Britvie Limited, Britvic House, Broomfiald Road, Chelmsford, 

Essex. 

Closing date: 31 August, 1M2. 

Bntvic IS a registered trademark 




THI UNIVERIITV OP I 

PARTMIIilT OF PHYSICS 



AppVcatioat are invited for a port of 
pandecUHal 

RESEARCH 
FELLOW 

in the •hove deputment to undertake 
tcudies of the fiilure of polymers at 

hi(h pressures. Candidates should have 
a degree or equivalent qualifications in 
Phyiics, Enfinecrinf or Materiab 
Science, and preferably a PhD or 
relevant industrial or other experience. 
Experience in testinf and development 
would be particularly valuable. 

Salary within ihe lA Range for Research 
and Analogous Staff (£607l>-<IOn^ 
(under review) according to age, 
qualifications and experience. 

Informal enquiries may be made to 
Professor I. M. Ward, Department of 
Phyrice (td. Leads (0532) 431751 
ext. 71 la). 



forme and fkirther 

Rrticulars may hm obtained from 
• _ ll«iatrar. The University, 
I LSI fJT, quoting reference 
B/ZI/E. Applications should 
■ittea a* soon as poaaibla. 



■ SALFORD HEALTH AUTHORITY ■ 

Willinl< Biochiemicai Genetics Unit 
ROYAL IVIANCHESTER CHILDREN'S HOSPITAL 

Hospital Road, Pendlebury, Mancliester M27 1HA 

Basic Gmic Biochemist 

The Unit It the Regional Amino Acid Reference Centre and is 
responsible for the Regional Phenylketonuria screening pro- 
gramme and for the investigation of a wide variety of inherited 
metabolic diseases, e.g. organic acid disorders, lipid storage 
diseases by lysosomal enzyme assay, disorders of galactose 
metabolism and mucopolysaccharidoses. 
Applicants should possess an appropriate science degree or 
equivalent qualifications. Bcperlence of biochemical and 
chromatographic techniques wHI be'an advantage. 
Sahuy scale: Probationor (with appropriate science degree) 
£a8e7-caT45 per annum. Post-probationer £gB86-e7837 per 
annum. 

A job description and application forms available from the 
Administrator at the above hospital telephone 061 794 4MS 
ext. 137. Informal enq«Mas to the Untt: tel. Mf TM 4M 

ext. 312. 

Closing date for applications 31 August, II 
Please quote reference P&T1/KBCH. 



UNIVIIISITV OF BmSTOL 

DEPARTMENT OF 

BIOCHeMISTRY 

RESEARCH 
ASSISTANT 



A graduate Research Assistant 

(1b) is required for an SRC funded 

researcti project on the mechanism 
of DNA-protein interactions. The 
research will involve molecular 
genetics as well as both DNA and 
protein biochemistry. Applicants 
should possess a BSc or equivalent 
in eitlier Biochemistry, Micro- 
biology or a related subject. 

Ttie post is available for a ttiree 
year period starting from 1 Sept- 
ember, 1982, or as soon as possible 
thereafter. The initial salary will be 
£5,285(under review). Applications, 
including a brief curriculum vitae 
and the names and addresses of 
two referees, should be sent to 
Dr S. E. Halford, Department of 
Biochemistry, University of 
Bristol. Bristol BM 1TD. 



Copyrighted material 
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NATIONAL CENTRE OF SYSTEAAS RELIABILITY 

SYSTEMS ENGINEERS 

Two Professional Engineers with theoretical and practical experience of reliability technology 
are needed by the Research and Technology Transfer Unit of the NCSR (part of the Safety and 
Reliability Directorate of the UKAEA located at Culcheth near Warrington in Cheshire). 



THE JOBS 

The role of the NCSR is to develop, and make 
available on a commercial basis, expertise in the 
reliability assessment of systems and components, 
e.g. integrity of electrical supply and distribution 
systems and failure modes and effects in control 
systems. The Centre operates a Data Bank 
containing Event and Reliability Data Stores, and 
provides a consultancy and information service to 
industry and Government departments, including a 
confidential project service to give a quantified 
assessment of the reliability of particular systems. 

Post 1 will be concerned with advancing 
reliability analysis techniques - in particular, 
stochastic simulation of large systems - for dealing 
with problems of uncertainty in complex systems 
not tractable by conventional analytical techniques. 
There are demands for producing robust methods 
for direct application by reliability assessment 
engineers, and for co-operating with specialists in 
human reliability factors and data processing. 

Post 2 will be concerned with assessing the 
needs of industry for specialist courses aimed at 
reliability technology transfer on such topics as fault 
tree analysis and failure modes and effects analysis; 
and then planning, developing and operating a 
range of courses, symposia and conferences. Some 
lecturing will be included. Co-operation with other 
specialist safety and reliability technologists is an 
important part of the work. 

Further details of the posts will be sent with the 
application form. 

WHAT YOU NEED 

Applicants (men or women) should hold an 
Honours Degree in Engineering, Physics, or a related 
discipline, or Corporate Membership of a relevant 
Senior Professional Institution. They should have 
several years' experience appropriate to the work. 



THE REWARDS 

Appointments will be as a Professional and 
Technology Officer Grade 1 (Salary range £10,350 - 
£12,445 per annum), depending on background 
and experience. 

Benefits include a contributory superannuation 
scheme and there are good career prospects. 

THE PLACE 

The Directorate is at Culcheth near Warrington 
in Cheshire. The area features good schools, 
convenient motorway links, easy access to main 
centres in the North West and a wide variety of 
housing. Assistance may be given with house 
purchase or removal, or single accommodation can 
be made available. 



Please send me an application form for the post of 
SYSTEMS ENGINEER. SRD15. Post ID Post 2D 

Name 



Address. 



/NS 



Postcode 

^Ilosing date for applications 1st October 198^ 

Send to: PERSONNEL DEPARTAAENT, FREEPOST 
UNITED KINGDOM ATOMIC ENERGY AUTHORITY, 
SAFETY AND RELIABILITY DIRECTORATE, 
WIGSHAW LANE. CULCHETH, 
WARRINGTON WAS 1BR. 
TEL: WARRINGTON 31244 EXT 208/350 

UK Atomic Energy 
Authority 



SAFETY AND RELIABILITY DIRECTORATE 



Cor 
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<S8» Technical Services 

Executives 

Pharmaceutical Marketing 
£9,000— £12, 500: London 

The Wellcome Foundation Limited Is a major British-owned International 
pharmaceutical organisation with world-wide sales In excess of £450m. As a 
result of promotions we now have two opportunities for Technical Services 
Executives within our Group Marketing Directorate, based in our Head Office 
at Euston, London. 

Reporting to a Senior Executive you will be part of a team whose prime 
responsibility is to provide a marketing orientated technical support service 
on all products to Group Marketing to assist them in the implementation of 
global marketing strategies. This will involve carrying out planned projects, 
responding to ad hoc requests and continually monitoring and updating know- 
ledge for the product group. 

Candidates, with a degree in a biomedical subject and a minimum of 2 years' 
relevant experience in the pharmaceutical industry, must have a keen interest 
In pharmaceutical marketing and the ability to see the commercial significance 
of technical Information. The flexibility to handle widely differing projects In 
both the human and animal care fields is essential and some experience of 
applied information science would be useful. 

For both positions excellent benefits Include 5 weeks' holiday, life assurance 
and pension schemes, and generous assistance with relocation expenses 
where appropriate. There are also good career development prospects within 
this International group of companies. 

Please write with full personal and career details, quoting Ref: 
NS/436, to Iris Sargant, Senior Personnel Officer, The Wellcome 
Foundation Limited, 183 Euston Road, London NW1 2BP. 




Wellcome 



UNIVERSITY OF DUNDEE 

DEPARTMENT OF 
BIOLOGICAL SCIENCES 

POSTDOCTORAL 
RESEARCH 
ASSISTANT 

ApplicKions arc invited from post- 
doctoral biolosisu, botanitu, micro- 
biolofiitt and biochemists for th« 
above post, which is available from I 
October. 1982. This NERC position is 
available for one year for ecophysio- 
lofical studies on ribulose bisphosphate 
carboxylase and the photoinhibition of 
microalsal photosynthesis. The project 
is already well advanced and particu- 
larly involves the identification of 
tarteu affected and the protective 
mechanisms invoked in photoinhibition 
in freen algae and cyanobactcria. 
Salary on the lA scale £637S-£I I 105. 

For further information phone or 
write to Dr G. A. Codd, Department 
of Biolofical Sciences, The University, 
Dundee DDI 4HN, Telephone Dundee 
23181 Ext 326. 

Applications, in writinf. including the 
names of two referees should be sub- 
mitted to the Personnel OfFlcar, 
Tb« University, Dund*« DDI 4HN 
ms soon ms poasibi*. Pl«aa« quot* 
lUforanc* EST/47/nH. 



THE OPEN UNIVERSITY 
PUBLISHING DIVISION 



9 



EDITOR-TECHNOLOGY 

An editor is needed as one of a team involved in the preparation 
of student texts in the Faculty of Technology, whose courses 
reflect a broad concern with technology, including its technical, 
social, economic, political and ethical aspects. 
Salary will be negotiable according to age and relevant 
publishing/editing experience which is essential. The salary 
scale (currently under review) is from £5285-£10 575 with a 
minimum of £6880 at age 26 years. Starting salary is likely to 
be on the lower half of the scale. 

The Open University offers an interesting job in pleasant 
surroundings with good pension, holidays, disturbance allow- 
ance and removal expenses. 

Application form* and further particulars are available 
from : The Director of Operations Office (702/3), The Open 
University, Walton Hall, Milton Keyne* MKT 6AA, or 
telephone Milton Keynes (0908) 653238: there is a 24 hour 
answering service on 6S3868. 

Closing date for applications: 6 September, 1982. 



QUEEN ELIZABETH 

COLLEGE 

Kensington 

(University of London) 

Image Analysis Group: 
Department of Physics 

Four posts are available from 
October 1982 as follows: 

RESEARCH ASSISTANT 
(postdoctoral or equivalent experi- 
ence) required for a period of 
2>4 years. The post is supported 
by the Science and Engineering 
Research Council and is to study 
the reconstruction of three- 
dimensional images from sampled 
data. The work has particular 
relevance to electron and acoustic 
images. Candidates should have 
experience in the general area of 
scattering theory and computa- 
tional image analysis. 

Salary (aged 26) £7225 plus 
London allowance £1035. 

RESEARCH ASSISTANT 
(postdoctoral or equivalent experi- 
ence) required for a period of 
one year in the first instance but 
with planned extension to three 
years, on government funds, to 
consider theoretical and compu- 
tational aspects of image feature 
extraction and pattern recognition. 
Requirements as above. 

Starting salary according to age 
and experience in range £7225- 
£8940 plus £1035 London allowance. 

RESEARCH ASSISTANT 
(postdoctoral or equivalent experi- 
ence) supported for three years 
by funds from the Medical Re- 
search Council. A Physicist is 
required with a background in 
signal/image processing preferably 
within a medical application. The 
Assistant will work on the 
analysis of ultrasound images as 
produced in paediatrics. He will 
co-ordinate the study with Profes- 
sor V. Dubowitz of tlie Department 
of Paediatrics and Neonatal Medi- 
cine at the Hammersmith Hospital 
and have primary responsibility 
for image assessment and inter- 
pretation. 

Starting salary according to age 
and experience in range £7225- 
£8085 plus £1035 London allowance. 

COMPUTER PROGRAMMER 
supported by funds from the 
Science and Engineering Research 
Cuuncil, tu wurK for three years 
on the interpretation of synthetic 
aperture radar images. Candidates 
should be computer Fortran pro- 
grammers and preferably have 
experience of algorithms and 
transforms used in image proces- 
sing. 

Starting salary £5550 plus £1035 
London allowance. 

Applications with details of two 
referees, should be sent by 8 
September to Professor R. E. 
Surge, Physics Department, Univer- 
sity of London, Queen Elizabeth 
College, Campden Hill Road, 
London W8 7AH. 



LOUGHBOROUGH 
UNIVERSITY 
OF TECHNOLOGY 

RESEARCH 
ASSISTANT 

Applications are invited for a three 
year SERC RESEARCH ASSIST- 
ANTSHIP to study microstructural 
developments in stainless steels 
during low-cycle fatigue in fusion 
reactors. 

Applicants should possess a higher 
degree in materials, physics or 
materials engineering related dis< 
ciplines. Starting salary in scale 
£6070 to £6880 (under review). 
Further details and application 
forms from Dr R. G. Faulkner, 
Department of Materials Engineer- 
ing and Design, telephone L'boro 
(0509) 263171 cxls. 5235 or 5219. 

Loughborough Leicestershire 
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Aramco, the largest oil producer world-wide 
and as such can offer unparalleled opportunities 
and challenges to qualified personnel. 

Industrial Chemists 

Who will be responsible for the investigation 
of analytical and industrial chemical subjects 
arising in refinery, producing exploration and 
reservoir engineering and the completion of 
reports suitable for publication. In addition you 
will be expected to conduct work on location 
with a view to reporting and making 
recommendations for the improvement of land 
operations. 

Analytical Chemists 

For determining the components of sample 
alloys, rocks and purchased chemicals for 
refinery uses and the chemical composition of 
unknown samples in process equipment, the 
industrial solvents and aggregates. You will 
also be expected to provide technical assistance 
to drilling engineers and determining the 
suitability of new materials and preparing 
complete reports. 

Materials Engineers 

To co-ordinate quality assurance programmes 
on construction materials, including concrete, 
asphalt and soils. Projects will include major 
industrial plants, large housing facilities, 
roadways, pipelines and utility projects. You 
will also be required to trouble shoot on projects 
and prepare reports on your findings. 



Laboratory Engineer 

lb perform special tests on core samples of 
reservoir rock, perform phase behaviour tests 
on pressure samples of crude oil condensate 
and gas. You will also be required to assist in the 
assembly of test equipment. Ideally you will be 
a chemical or mechanical engineer or possibly a 
chemist with an aptitude for mechanical 
engineering. Previous experience in core testing 
and reservoir sample testing is preferred but 
not essential. 

Laboratory Technicians 

Maintenance — must have specific experience 
in the maintenance of laboratory facilities. 

Electronic instruments — expertise in the 
repair and maintenance of sophisticated 
laboratory instruments. 

We doubt if you could find another 
company that takes such good care of you. 
These positions are on bachelor status 
open-ended contracts. The employment 
package includes, low cost air-conditioned 
accommodation, free medical care, 
generous leave with company paid flights 
and superb recreational facilities. Please 
apply in writing or telephone: 
Terry Johnson, Building Associates, 
Goldlay House, 114 Parkway, Chelmsford, 
Essex CM2 7PP Tel : 0245 60211. 



® ARAMCO 


1 m- \ 


Partners i 


n Progress 
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UNITED KINGDOM ATOMIC ENERGY AUTHORITi' 

Health Physicists 

Locate in pleasant countryside mid- way between Oxford and Newbury, Harwell 
is the largest research establishment of the United Kingdom Atomic Energy 
Authority. Our Environmental and Medical Sciences Division provides a health 
protection service for the establishment and carries out research into environ- 
mental protection. The Division's Health Physics Services Branch currently has 
two vacancies. 

Radiological Safety Assessment 

to £1 2,445 

To carry out safety assessments for a wide range of Harwell facilities vmder 
normal and emergency conditions. Key areas include emergency planning, risk 
evaluation of proposals for new facilities, the derivation of limits for airborne 
and liquid discharges and the development of safety standards and philosophies 
in liaison with all levels of Government and Industry. 

Health Physics Operations 

to £9890 

Directly to assist the Health Physics Operations Manager in the provision of 
radiological and occupational hygiene services to the Harwell site. Key areas 
include the investigation of radiological incidents, the compilation and analysis 
of technical data and the assessment of radiological hazards. 



Both posts call for graduates in a scientific subject. Experience of radiological 
protection or work with radioactive or toxic materials would be an advantage, 
but, for high quality applicants, specialised training will be available. 

For an application form write, stating which post interests you, to: 
Mrs P. J. Pratley, Recruitment Branch, AERE Harwell, Didcot, Oxon 
OXl 1 ORA, or telephone Abingdon (0235) 24141, ext. 2614. 




OXFORD POLYTECHNIC 
Department of Biolo^ 

Assistant 
Senior Technician (T3) 
Biochemistry 

Assistant 
Senior Technician (T3) 
Human Physiology 

Applications are inviced for the above 
poses. The successful candidates will be 
responsible to the Chief Technician, 
Biology, for the preparation for HNC 
and degree level classes and with post 
graduate research and other duties. 

Applicants should possess a suitable 
HNC or equivalent qualification and 
have at least five years relevant 
experience. 

Salary will be in the range £S652-£6333 
(under review) plus qualification allow- 
ance for an HNC or degree. 

Further details and application forms 
from the Deputy Administrator, 
Oxford Polytechnic, Haadington, 
Oxford OXI OBP. 



Science ^ 
Graduates 

Become a 
Medical Rep 

Man ind woman af«d 21-30 
wrth a Lif« Scianc* Dcfrac, 
drtva. partonaliiy and tha ability 
to commumcata with tha 
madical prof«»lion ara naadad 
by major multi-national 
pharmaceutical companiai 
throughout tha country. 
Salanaa ara up to £6500, plus 
car and bantflts. 
Writa or tclaphona (out of 
houra answanng sarvica) for a 
Parional Hiitory Form. 

0256 55955 

Sutcliffe 
Selection 

9 Victoria Street 
Basingstoke, Hants. 



OPPORTUNITIES IN 
BIOTECHNOLOGY 

Project Manager 

A rapicjiy expanding Incernationa! 
Biotechnology company invites 
applications for a Project Manager 
in the field of molecular biology. 
The ideal candidate should have 
a pHD in molecular biology/bio- 
chemistry, expertise in protein 
purification, and several years 
relevant industrial experience in- 
cluding proven management skills. 

Technicians 

Several positions are also available 
for qualified technicians with 
experience in protein purification 
and/or molecular biology. 
All posts will be initially located in 
the NE of England, subsequently 
to be relocated to the SE circa 
the end of 1982. 

Excellent salary, benefits and 
opportunities for career advance- 
ment in all posts offered. 
Applications, includinf full CV, 
to Box No. DM0. 



ARC AND MRC 
NEUROPATHOGENESIS UNIT 

Biochemist 



A protein chemiit is required with 
experience of handling Infected 
materials, preferably involving 
central nervous system tissues, to 
join a team worliing on slow 
Infections and degenerative dis- 
eases of the CNS. The appointee 
will be responsible for innovative 
research on a number of topics 
including the Investigation of 
cerebral amyloid, neurotransmitters 
and biochemistry of scrapie agent. 

Applicants should have a first or 
upper second class honours 
degree in biochemistry with prefer- 
ably a higher degree or two years 
relevant research experience 
involving protein chemistry. 
Appointment will be as Higher 
Scientific Officer with salary in the 
range £6840-£9126. 

Applications, giving full curricu- 
lum vltac and names of two 
referees, to: The Secretary, 
ARC and MRC Neuropatho- 
genesis Unit, West IWains Road, 
Edinburgh EH9 3JQ. 



NATIONAL INSTITUTE OF 
AGRICULTURAL ENCINICRINC 
WRIST PARK 
SILSOE 
BEDFORD MK4S 4HS 
TELEPHONE: SILSOE (0515) 60000 

AN 

INFORMATION OFFICER 

is required to join the Sectioft providing 
scientific information services at the 
Institute. 

The person appointed will son the 
technical and scientific literature, write 
abstracts and index them for Agriculturvl 
Enf inecring Abstracts (published by the 
Commonwealth Agricultural Bureaux). 
Knowledge of at least one foreign language 
is required to that abitracu and tranila- 

lion*. writtan and v«rtt«l. on b« pr*p*r«d 
for the scientific staff. The ability to write 
clear and concise English is important. 
Applicanu should have a degree or 
equivalent in engineering or a physical 
science and adequate knowledge, prefer- 
ably of German and/or Scandinavian 
languages. Alternatively, applicants with 
a language degree and a sound background 
knowledge of engineering will be con- 
sidered. Experience in a relevant field 
prefered. 

There is a non>contributory super- 
annuation scheme, working hours are 
flexible and transport is available from 
Bedford. Ampthill and Flitwick areas. 
The post is graded Information Officer. 
Salary Scale: £7822-£9758. 
Raf: GSIO/n/7». 

Completed application forms to be 
r«turn*d to the Secrotary net later 
than 1 September, IMl. 



BREWING MICROBIOLOGIST 

(Circa £5000) 

Charles Wells Ltd, a successful 
independent company, require a 
Senior Technician for ttie micro- 
biology section of their modern 
brewery. The successful applicant 
will report directly to the ctiief 
chemist as well as liaising closely 
with other senior managers. 

Applicants must have HNC 
microbiology or equivalent. 

Salary will depend on experi- 
ence and quaUfications. There are 
20 days' annual leave plus gener- 
ous fringe benefits. 

Apply in writing with fuU per- 
sonal details including current 
salary to: .1. C. Cinnamond. BSc, 
MI Biol, Chief Chemist, Charles 
Wells Ltd, The Brewery, Havelock 
Street. Bedford MK40 IQA. 
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Information Scientist 



Systems Development 



Ware: Herts 



Glaxo Group Research is Britain's leading pharmaceutical research organisation, employing 
over 1500 scientists, technicians and support staff at two major establishments near London. 

Our Science Information Department is extensively Involved in the development of com- 
puterised Information systems for handling R&D data generated in-house. 

We wish to appoint an experienced information scientist to progress the design and imple- 
mentation of new systems for handling chemical structures and associated biological data. 
Based at our Ware establishment, the person appointed will work as part of a project team 
(with analyst/programmers, bench scientists and colleagues at our Greenford site) In designing 
systems to meet the needs of the Company as a whole. He or she will also have individual 
responsibility at Ware for maintaining existing systems and analysing future requirements. 

Applications are invited from graduates with a knowledge of computer techniques for handling 
chemical structures. Including WLN and graphics, and experience in the use of computerised 
systems for the storage and retrieval of R&D information. Effective communication and 
organisational skills are essential, and experience in systems analysis and design is desirable. 

We offer an attractive salary depending on experience, in the range £7875 - £14,365 per annum. 
Inclusive of all bonuses and allowances. Our benefits package Includes non-contributory 
pension and life assurance and, where appropriate, assistance with relocation to this attractive 
area of Hertfordshire. 

Please apply for an application form to: Dr D. J. Humphreys, Senior Personnel Officer, 
Glaxo Group Research Ltd., Ware, Herts SG 12 ODJ. Tel: Ware (0920) 3232. 



G/ffXO Group Research Ltd. 




Chemical Engineering Opportunities 

in Research 



UNI LEVER RESEARCH in Port Sunlight has career development opportunities for top quality chemical 
engineering graduates to join an active and professional research team. 

Chemical Engineer . . . process development/optimisation 



As the newmemberof our research team you will be fully involved 
in the development and optimisation of processes for the manu- 
facture of new chemicals which are of direct interest to our 
business. You will liaise with other scientists in the Laboratory, 
supervise experimental work on semi-technical and pilot plant 
scale, and prepare complete processs/equipment sp)ecifications 
for new processes which have to be transferred to one of our 



operating companies. You will be using modern techniques for 
economic evaluation of processes and apply computer aided 
engineering wherever possible. 

Ideally you will be a Ph.D. in Chemical Engineering, or equiv- 
alent, who has some years' experience in the chemical process 
industry with process development or research on reaction 
engineering. Ref : 74IM. 



Cliennlcal Engineer . . . with computer aided engineering skills 



... to work on an engineering research programme for the de- 
velopment of methodology for computer aided process design. 
This will include software development for unit operation design 
packages of sfiecific relevance to Unilever, and development of 
process flowsheeting routines by the integration of purchased 



software with in-house developed design and evaluation packages. 
You should be a Ph.D. Chemical Engineer, or equivalent, with 
the education and experience in the use or development of 
computer aided engineering techniques in process design. 
Industrial experience is desirable, but not essential. Ref: 747M. 



We operate a progressive salary and promotion policy, good 
superannuation and life cover benefits are provided and, where 
appropriate, will assist with relocation expenses. 

Our Laboratory is situated on the Wirral peninsula, a few 
miles from the sea and convenient for Chester, Liverpool and 
North Wales. 



Please write for an application form, quoting appropriate ref- 
erence number, to: 

The Personnel Officer, 
Unilever Research, 
Port Sunlight Laboratory, 
Quarry Road East, Bebington, Wirral, 
MerseysideL633JW. 
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Research 
Analysts 

Mars are a leading manufacturer of confectionery in a highly competitive 
and rapidly changing market. To maintain our position, constant 
research is necessary in many areas, varying from raw materials to the 
finished products and their packaging, as well as the hygiene of the 
processes involved. 

We have vacancies for Research Analysts working in a modem, well 
equipp>ed laboratory which is designed to enable the Company to employ 
latest techniques in analysis. 

This post involves constant analysis of raw materials and products at 
both the intermediate and finished stages of manufacturing and 
therefore creativity and ingenuity are required in applying both 
established and new analytical methods. 
The successful applicant will possess an H.N. C or equivalent in 
Chemistry plus a minimum of two years' analytical experience involving 
classical and instrumental techniques. A flexible approach to working 
methods and hours is desirable. 

We are offering a starting salary of £7,756 in a merit range which 
extends to over £10,000: additional benefits include 22 days' annual 
holiday, non-contributory sick pay, life assurance and pension schemes. 
Generous relocation expenses will be paid where appropriate. 
For an application form 'phone or write to Rob Sawyer, Personnel Officer, 
Mars Limited, Dundee Road, Slough, Berkshire. Telephone Slough 
23932, extension 4714. 



UNIVEKSITY COLLEGE 
LONDON 

Chemical and Biochemical 
Engineering Department 
Multi-liquid Phase Biocatalytic 
Reactions 
POSTGRADUATE 
RESEARCH ASSISTANT 

This project, supported by SERC 
for a period not exceeding two 
years from 1 October. 1982 is 
concerned with the design and 
operation of reactors for enzymic 
conversions of water-insoluble 
reactants of industrial interest. 
Applicants should have appro- 
priate qualifications in biochemical 
engineering, chemical engineering 
or biochemistry. Apply to Profes- 
sor M. D. Lilly in the department, 
at Torrington Place, London 
WCIE 7JE. 



COPY DATE 

DUE TO BANK 
HOLIDAY CLOSING 
DATE FOR 
2 SEPTEMBER ISSUE 

IS 

NOON 27 AUGUST 



MEDICAL RESEARCH COUNCIL 

HISTOLOGY TECHNICIAN 

Applicants are invited for a Histology Technician to assist with work on 
various aspects of mammalian embryology. Candidates should be pro- 
ficient in techniques for fixation, embedding, and sectioning routine 
and frozen specimens for light and electron microscopy. Experience with 
hiscochemtcal and immunochemical staining methods would be an 
advantage. 

Qualifications: Degree, HNC or equivalent. 

Salary according to age, qualifrcations and experience in the range of 
£4958-£6993 plus London Weighting of £557. 
Apply in writing, giving the 
name* and addresiei of two 
professional referees to: The 
Director, Laboratory Ani- 
mals Centre, MRC Labora- 
tories, Woodmansterne 
Road, Carshalton, Surrey 
SMS 4EF. 




Medical Research Council 



QUEEN MARY COLLEGE 
University of London 

Materials Department 
A POSTDOCTORAL 
RESEARCH ASSISTANTSHIP 

is available for one year from as 
soon as possible, to work on a 
project on novel metal matrix- 
composite material, under the 
direction of Professor W. Bonfield. 
Salary in range £6070 to £10 575 
per annum, plus £1035 London 
Allowance. Applications should be 
sent to Miss M. Elmslie, Queen 
Mary College, Mile End Road, 
London El 4NS, enclosing a 
curriculum vitae and nominating 
two referees. 



UNIVERSITY OF 
LEICESTER 

Department of Chemistry 
A TECHNICIAN, GRADE 3 

is required in the Department of 
Chemistry to assist with the opera- 
tion of Nuclear Magnetic Reson- 
ance Spectrometers, providing a 
service to the whole department. 
Training will be given. Minimum 
qualifications required: ONC/TEC 
or two "A" levels including 
chemistry. Salary £4672-£5473 a 
year (under review). 

Applications, giving full details, 
should be sent to Mr H. T. Whitt, 
Department of Chemistry, The Uni- 
versity, Leicester LEI 7RH, from 
whom further details can be 
obtained. 



UNIVERSITY OF BRISTOL 
DEPARTMENT OF PHYSICS 

LECTURESHIP 
IN 

PHYSICS 

Appticitions are invited for a Lecture- 
ship in the Department of Physics, 
financed initially by the Science and 
Enfineerini Research Council under 
its Special Replacement Scheme. The 
conditions of service, including pro- 
bation, are the same as for other 
lectureships within the University. 
Initial /salary will be within the ran^e 
£6070-£IO 160 of the Lecturer scale. 

The successful candidate will be ex- 
pected to enfaxe In a prosramme of 
experimental research within the 
Electron Microscope Group led by 
Dr ). W. Steeds. The interesu of this 
group include electron diffraction, 
cathodoluminescence. and low tem- 
perature phase transitions and a 
number of projects are carried out in 
collaboration with industry. Preference 
will be given to candidates with an 
interest in developing instrumentation 
for transmission electron microscopy. 

Further particulars may be obtained 
from the Rcgistrsr and Secretary, 
Univereity of Bristol, Senate House, 
Bristol BSa ITH, to whom applica- 
tions should be sent by 17 Septem- 
ber, It82 (please quote reference 

E.B.). 



PLANT BREEDING 
INSTITUTE, 
Maris Lane, Trumpington, 
Cambridge CB2 2LQ 

A suitably qualified parson it required to 
develop and use the methods of in situ 
hybridisation to study the location of 
particular DNA sequences in plant chromo- 
somes particularly those of cereals. The 
aims of this programme will be to exploit 
these techniques in cytological and geneti- 
cal analyses as well as in the identification 
and manipulation of genes and chromo- 
somes relevant to breeding objectives. 
The results of this work will also provide 
information about the organisation of 
repetitive DNA within cereal chromosomes 
and their role in determining chromosome 

b*h>viaur and ochar a>p«ciB of the 

plant phenotype. The work will be involved 
closely with existing programmes in 
wheat cytogenetics and molecular genetics. 
Appointment will be at Higher Scientific 
Officer (salary £6840 to £9126 pa) or 
Senior Scientific Officer (salary £0599 to 
£10967 pa). Non-contributory pension 
scheme. 

Qualifications are a First or Upper Second 
Class Honours degree in an appropriate 
biological science and at least 2 years' 
postgraduate experience in plant cyto- 
genetics or related research for HSO. and 4 
years for SSO. 

Applications with curriculum vitae, to- 
gether with the names and addresses of 
three referees, should be sent to the 
Establishment Officer by 10 September. 
1962. 

Please quote Reference CYT,'I39. 



S^ISouthampton 
sgK THE 

UNIVERSITY 



EXPERIMENTAL OFFiaR - 
NEUROSURGICAL GROUP 

Applications are invited for the post of 
Experimental Officer for three years to 
provide scientific support for the experi- 
mental programme of the Neurosurgical 
Group, in particular to complete develop- 
ment of the auto-radiographic and physio- 
logical monitoring techniques for the 
measurement of cerebral bloodflow and 
metabolism. 

Salary on scale: £6S80-£7700 per annum 
plus US5 benefits. Proposed starting date: 
I October. 1962. 

Applications (in duplicate) giving a brief 
curriculum vitae and the names of three 
referees, should be sent to: Mr A. J. 
Small, The University, Southampton 
509 SNH, quoting referanca 
IIM/A/NS. 
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Have you realised the true value of 
your science or engineering degree? 



Are you reaping the full benefits of all the hard 
work you put into getting your degree? 

Are you aware that your degree could be of 
immense value to the Royal Air Force? 

As one of our Education & Training Officers. 

New advances are constantly being made in 
electronics, computer technology, radai; electrical 
and aeronautical engineering. 

These advances can only be applied effectively 
if theyVe communicated effectively And this is 
where you come in. 

Whatever level of rank you're 
addressing you're involved with 
highly motivated people. 

If you aren't already experi- 
enced, we'd teach you the art of 
teaching. And train you to take 
on a wide range of other activi- 
ties as well 

You'd organise adult education 
centres. Advise on instructional 
techniques. 



Education & Training 





RAFOfEicer 



You'd initiate tuition on subjects from our own 
education tests to post-graduate university 
courses. And we'd encourage your own post- 
graduate studies. 

What now? 

You must have a degree in an engineering 
subject, physics, mathematics or a computing 
discipline. 

You can apply for a three- to six-year gratuity- 
earning Short Service Commission or a pension- 
able, permanent commission. 

Write to Squadron Leader 
E Kilbum, BSc, RAF Officer 
Careers (609TK/3), London Road, 
Stanmore, Middlesex HAT 4PZ, or 
call in at any RAF Careers Infor- 
mation Office. 

Please include your date of 
birth and your present and/or 
intended qualifications. Upper 
age limit on entry is 39. 

Formal application must be made in the UK. 




MEDICAL PHYSICS 
TECHNICIAN III 

(Clinical Measurement) 

Department of Medical Phytici 
and Clinical Engineering 

An experienced technician is required to co-ordinate tlie 
electrodlagnostic service provided by the clinical measurement 
section of the department based at the Leicester Royal 
Infirmary. 

The major Interests of this work include the testing of auditory 
evoked responses and vestibular function, opthalmic electrc- 
diagnosis and evaluation of visual fields, oaediatric auditory 
and speech tests, and a calibration service for Leicestershire's 
audiometres. 

Applicants should possess HNC ONC (or equivalent) in an 
appropriate subject and three years experience in this field 

of work. 

Salary £5S36-£7155 (under review). New erxtrants to the 
National Health Service wilt normally commence at the 
minimum point on the scale. 

For further information telephone Leicester 541414 ext 5486 
and ask for Mr Bentley. 

Application forms and job descriptions are available from the 
Personnel Department, Leicester Royal Infirmary, Infirmary 
Square, Leicester LEI 5WW. Telephone Leicester 541414 
ext 5137/8 between 9am and 5pm. 

Closing date for applications: 7 September, 1982. 

Leicestershire 
Health Service 



Information 
Scientist 

The Information Services Section provides 
library and Information services to the research 
and development laboratories In the U.K. and 
abroad responsible for cosmetics, toiletries, food, 
drinks, proprietary medicines and adheslves. 

There Is a vacancy at Leatherhead for an 
Information Scientist with a scientific 
background. Duties will Include scanning of 
publications for current awareness bulletins and 
the preparation of bibliographies using manual 
and on-line sources. 

Candidates should be recent graduates with 
experience of, or an Interest in, industrial 
information work. 

Flexible working hours and non-contributory 
pension apply. 

Apply in writing, giving full details of career to 
date to:- The Senior Personnel Officer, Beecham 
Products, Research Department, Randalls Road, 
Leatherhead, Surrey, KT22 7RX. 



Beech 



dm 



Products B 
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Quality Assurance 
Auditor — Biologicals 



£8J00 - £11600 



Beckenham, Kent 



The Wellcome Foundation Limited, a major British-owned pharmaceutical 
company, is strengthening its activities in the field of biotechnology. 

As part of this development we wish to further expand our efforts in the 
important area of Quality Assurance auditing. We are seeking an experienced 
microbiologist to join a small specialist team with responsibility for monitoring 
our Production and Quality Control activities and ensuring that they conform 
with Company standards and regulations relating to Good Manufacturing 
Practices. 

Candidates will hold a degree in microbiology or equivalent, will preferably 
be experienced in the production of biologicals and ideally have experience in 
the specialised field of Quality Assurance auditing and GMP. 

Although based at Beckenham, Kent, there will be a requirement to undertake 
short-term assignments overseas from time to time. 

Excellent benefits include 5 weeks' holiday, life assurance and pension schemes, 
subsidised restaurant, first class sports and social facilities and generous 
assistance with relpcation expenses where appropriate. 

Please write with full details to Peter Anderson, Personnel 
Officer, The Wellcome Research Laboratories, Langley Court, 
Beckenham, Kent BR3 3BS. Applications must be received by 
27 August and interviews will be held on 6 and 7 September. 





Wellcome 



UNIVERSITY OF 
NEWCASTLE UPON TYNE 

Department of Occupational 

Health and Hygiene 
JUNIOR RESEARCH 
ASSOaATE 

Applications are invited for a 
temporary post as Junior Research 
Associate to join a team investi- 
gating long term respiratory and 
cardiovascular function in relation 
to occupation. Candidates should 
have a good degree in physiology, 
applied/human biology, or a re- 
lated subject, and should have an 
interest in computing/statistics. 
The post is available from 1 Sep- 
tember. 1982, to 29 February, 1984. 
Commencing salary up to £5675 
per annum on the Range IB scale 
E5285-E7700 per annum. 

Applications giving full curricu- 
lum vitae and the names of three 
referees should be sent to Dr 
J. E. Cotes, Department of Occu- 
pational Health and Hygiene, The 
University, 24 Claremont Place, 
Newcastle upon Tyne NE2 4AA, 
to arrive not later than 6 Sep- 
tember, 1982. 



THE UNIVERSITY OF HULL 
DIPARTMENT OF ZOOLOOV 

RESEARCH 
TECHNICIAN 

Grade 3 or 4 

Dirilaa: Morphological and phyaiolooical 
invaatlgatlona into the davaloping carebro- 
tplnal fluid syitem in the rat. 
Rvqulramanta: ONC or aqutvaUnl plua al 
least three years experience. 
Conditions: Fifteen month contract: salary 
In ranoes £4872-£5473. £5284-£607B. 
Applications: To the Personnel Offlca, 
Tha University ot Hull. Hull, HIM TRX, 
by tS Auouat, 1M2. 




Analyst 

£4,800 p.a. 
Pharmaceutical 
Manufacturer 

A recently qualified Graduate, BSc Hon- 
ours — Chemistry, is required for our 
Quality Control Laboratory. The position 
will involve carrying out analysis of 
finished products and raw materials. 

This is an ideal opportunity for someone 
wishing to commence an analytical 
career. 

Interested men or women should apply 
with full career details to The Personnel 
Department: 





IB 



Regent Laboratories Ltd 

Cunard Road, North Acton, 
London NW109PN. Tel: 01 -965 3637 




Graduate Scientists 
& Technologists 

A chance to become a 
Medical or Technical 
Representative 

Salaries from 
£6-7.000 -«- Car + 
Bonus + professional 
training 

We advise major 
Pharmaceutical, Scientific 
equipment & Diagnostic reagent 
manufacturers and suppliers on a 
wide range of sales 
appointments. 

If you are ambitious, 22-30 and 
seeking a new challenge and a 

progressive career where you 
advance according to your 
abilities, you should call us now 

for the best job opportunities, 
throughout the U.K. on 01-831 
6471 or 01-405 0725 til 7 pm. 

Scientific Staff 
Consultants, 

50 Lincoln's Inn Fields, 
London WC2 




BRISTOL POLYTECHNIC 
SCIENCE DEPARTMENT 

Applicitrons are inviced for the follow- 
ing pose 

SENIOR 
TECHNICIAN, 
CHEMICAL PLANT 
TECHNOLOGY 

Ref No T/ll 

SALARY SCALE: £56S2-£7I37 per 
annum. 

The successful applicant will be respon- 
sible for the organisation and mainten- 
ance of pilot scale work in the Chemical 
Pl»nt Technoloiy Laboratories at our 
Ashle/ Down site. 

Applicants should have qualifications to 
at least Ordinary National Certificate 
or City and Guilds Ordinary Technician 
(both now OTEC) standard. 
Previous laboratory experience is 
essential, preferably involving the use 
of computer or microprocessor linked 
equipment. 

It is possible that this post will shortly 
be relocated at Coldharbour Lane. 
For further details and an application 
form, to be returned by 30 August. 
1982, please contact the Personnel 
Office, Briitol PolyMchnic, Cold- 
harbour Lane, Frenchay, Briitol or 
rint Briitol SStUl, Ext 575. 
Please quota Refcranc* Numbar 
T/'2I in all communications. 



UNIVERSITY OF BATH 

Sctiool of Cliemistry 
TECHNICIAN 

A vacancy exists for a Techni- 
cian to assist in the Physical 
Chemistry Laboratories. Duties 
will include the preparation of 
materials and equipment for 
under-graduate practical classes, 
and the operation and mainten- 
ance of basic laboratory instru- 
ments and research equipment. 
Some previous experience in 
science laboratory work neces- 
sary. ONC, HNC, or equivalent 
qualification is required. 

Salary in the range of £4672- 
£5473 per annum (under review) 
accordmg to qualifications and 
experience. 

Application forms from the 
Personnel Officer, University of 
Bath, Bath BA2 7AY, quoting ref 
no: 82/87. Oosing date: 1/9/82. 



jterial 
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Fharmadst 

-Pharniaoeutkal Farmulation 

Nottingham Based 

The Boots Company is a complex international group 
with worldwide sales exceeding £1400 million. One of our 
particular strengths is the research, development and 
manufacture of ethical and proprietar>' medicines for the 
U.K. and international markets. 

An interesting career opportunity has arisen within 
our Pharmaceutical Formulation Department for a 
registered Pharmacist - who will be involved in the 
.development and optimisation of formulations and 
processes for a wide range of dosage forms. 

The position would suit those who have recently 
registered who are seeking to commenci or extend their 
career in this challenging area of industry. Applicants will 
need to have an open mind, be innovative, with good 
communication skills and a willingness to learn. Full 
training will be given to candidates with no previous 
industrial experience. 

The benefits are those you would expect of a large 
company with a substantial international reputation - 
staff purchase privileges, profit related bonus and 
contributory pension scheme. Generous help with 
relocation is available if applicable. 

Please write or telephone for an application form to: 
Tom Flower, Employment Manager (Technical), The 
Boots Company PLC, Station Street, Nottingham 
NG2 3AA. Tel: (0602) 56255 Ext. 243. 



POLYTECHNIC OF THE SOUTH BANK 
Boroufh Road, London SEI OAA 

DEPARTMENT OF 
ELECTRICAL AND ELECTRONIC ENGINEERING 

SENIOR LECTURER/LECTURER 
GRADE II (3 posts) 



(R«f: E.7) 



Applications ire invited from welt-qualified engineers with recent industrial/ 
consultancy/res«arch experience. Two posts are permanent; the other is 
temporary with poHibiltty of repeated extension. 

The Department is currently operating industrially orientated underfraduatc 
and higher technician courses, together with an expanding postgraduate schoot. 
An MSc course in CAD/CAM is to commence in January 1983. 
The successful candidates wilt be likely to hold a postgraduate degree or come 
directly from industry, having expertise in such areas as computing, micro- 
electronic applications, telecommunications or process control. 

Salary will be in the range: 

Senior Lecturer: £10 932-£l3 S7S per annum inclusive of London Allowance. 
Lecturer Grade II: £76I4-£I I 781 per annum inclusive of London Allowance. 

RESEARCH ASSISTANT In CAD/CAM 

(RKf: R.A.I I) 

Applications ar« invited from graduates holding a good Honours degree in 
Electrical/Electronic Engineering. Physics, Mathematics or another relevant 
discipline. The successful candidate would join a welt-established team and 
undertake postgraduate research Into methods for designing complex digital 
microelectronic systems. 

Salary will be in the range: £S439-£6II4 per annum inclusive of London 
Allowance. 

Further particulars and application form available from the Staffing Office. 
Telephone: 01-928 8989 ext. 2355. 

Completed application form to be returned no later than 3 September, 1982. 

PART-TIME LECTURERS 

opportunities exist for wall-qualified electrical/electronic engineers who have 
relevant industrial/academic experience and would wish to undertake part-time 
teaching. Those interested should please write directly Co; Mr R. Arney, 
Principal Lecturer, markinf the envelope ''PART-TIME TEACHING" 



Biochemical 
Pharmacologist 

Smith Kline & French Research Limited is the UK based 
Research Group of the international SmithKline Corporation 
We have recently moved to a new 39-acre site at The Frythe 
near the village of Welwyn, as part of a considerable expansion 
programme based on a very promising research portfolio This 
new facility represents a mapr investment and underlines our 
commitment to pharmaceutical research and development. 

A vacancy has arisen for a graduate in biochemistry or 
pharmacology to join our CNS research group The successful 
applicant will be expected to develop and use biochemical 
systems to study pharmacological aspects of interest 
Applications are invited from recently qualified graduates and 
from graduates with experience in biochemical approaches to 
pharmacological studies. 

We offer highly competitive salarieson progressive incremental 
scales and a discretionary end-of-year bonus Other benefits 
include free life assurance, an excellent contributory pension 
scheme, free membership of BUPAand flexible working hours. 

Please telephone or write for an application form, quoting ret no, 
NSC' 164, to Ivlarie Alpar. Recruitment Administrator. 

SMITH KLINE &FRENCH RESEARCH LIMITED 

Research Institute. The Frythe. Welwyn. Herts ALB 9AR 
Tel. Welwyn Garden 251 1 1 ext 3541 






a SmithKline company 



THE UNIVERSITY OF 
MANCHESTER 

Simon Engineering 
Laboratories 

RESEARCH ASSISTANT 

The civil engineering team 
Studying the behaviour of com- 
posite vessels sulijected to external 
pressure for sea-bed oil produc- 
tion and other applications seeks a 
research assistant with a degree 
in engineering or physics and 
preferably some experience in ex- 
perimental research. Salary range 
per annum: £5285-£10 575 funded 
by SERC through the NW Univer- 
sities Consortium for Marine Tech- 
nology for one year in the first 
instance. The appointee may be 
able to register for a higher de- 
gree. Applications by 11 Septem- 
ber, including the names of two 
referees, to Dr P. Montague, Simon 
Engineering Laboratories, The 
University, Manchester M13 9PL, 
from whom further details may 
also be obtained. 

ST GEORGE S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
TECHNICIAN 3 

required for three-year MRC 
sponsored project in the Bio- 
chemistry Department concerned 
with the behaviour of specific cell 
types derived from the human 
oval tissues. Experience in tissue 
culture useful but not essential. 
Initial salary up to £4933 per 
annum (under review) plus £454 
per annum London allowance. 
Application form available from 
The Establishment Officer, St 
George's Hospital Medical School, 
Cranmer Terrace, London SW17 
ORE. 



UNIVERSITY OF 
UVERPOOL 

Department of Immunology 
TECHNICIAN GRADE 3 
to assist in grant-funded investiga- 
tion of transfusion effect in 
patients awaiting kidney trans- 
plantation. Candidates must 
possess ONC or equivalent as 
minimum qualiHcation plus three 
years' experience. Previous experi- 
ence in cellular immunological 
techniques would be an advan- 
tage. 

Post available for two years 
initially. Salary within range 
£4672-£5066 per annum. 

Application forms may be ob- 
tained from the Registrar, The 
University, PO Box 147, Liverpool 
L69 3BX. Quote ref RV/780/NS. 

UNIVERSITY OF GLASGOW 

RESEARCH ASSISTANT 

A science graduate with a good 
honours degree is required as a 
research assistant to study the 
synthesis and degradation of com- 
plement receptors on different 
types of peripheral blood cells. 
"The post has been created by a 
three-year grant from the Arth- 
ritis and Rheumatism Council- 
There is opportunity to study for 
a higher degree. 

Salary will be within £S285-£6070 
on Range IB of the scales for Re- 
search and Analogous staff. 

Applications, with names and 
addresses of two referees, to Dr 
K. Whaley, Department of Path- 
ology, Western Infirmary, Glas- 
gow. 

In reply please quote ref no: 
491SN. 
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Graduate Physicist 

for Ckitistruction Materials R&D 

Redland Technology is a member of Redlond PLC a multinational Gio\;^ 
which is principally concerned with the monulacture of building and 
oonslruction materials. 

A young graduate physicist is required to Jerfn the Section operating the 

Company's Wind Umnel Testing facility. 

The work entails the design and construction ol tests rigs, principally con- 
cerned with roofing products; the operation ol teste, mtmttoilno resuMs and 

the preparation of reports. 

After an initial period the successful applicant will be required to assist the 
Section Leader by representing the Company ol B.S I and other relevant 
committees iiKducUng discussions and negotiations with the Group's relevant 
manufacturino divisionis. 

Experience is not necessary as training will be given. Starting scdarywiU be 
between £5,000 - £5,500 according to age and quolif icatioris. 

This post carries the benefits you would expect to be found in a major 
industrial group, including 25 days annual holiday contributory pension 
scheme, generous sick pay scheme, and good prospects for promotion both 
within the company and the group. Redland Technology is situated in the 
country on the outskirts ol Horsham. There is a subsidised canteen on site, 
oomparY transport to and from Horsham town. 

Please telephone, reversing the charges for an application form and further 
details of ttiis vacancy or write to Mr. R. A. G. Poultoa Personnel Manager, 
quoting vacancy rel. 7/82 at Redkmd Ibctoologr Umtied Grasslands, 
Horsham Sussex. (Horsham 50222). 

Redland Technology. 



INMnH BASTIHAMU 
BBGIONAL HEALTH 
AUTBtntlTT 

TRAINING SCHEME IN 

MEDICAL PHYSICS 

This Authority, in co-operation 
with the University of London, in- 
vites applications from physicists 
(or this training post offering the 
opportunity to ctudy for tlie MSc 
degree fii medical radiation 
pt^cs. or medical dectronics. 

The person appointed will un- 
dertake a programme of in- 
service training under the 
general direction of the Regional 
Scientific Officer and study for the 
degree by means of a two-year 
day release course commencing in 
September/October 1U«2. Ihe suc- 
cessful candidate may also be able 
to Join the Heapital Ptaniciats' 
Association ftnir year fraininc 



AppHcanta ahould have a good 
taMMurs degree in the appropriate 
aubject acceptable to London Uni- 
versity for MSc registration. 

The probational salary scale is 
£5667 rising to £6743 per annum 
(plus London Walglinng where 
applicable). 

The successful applicant will be 
expected to meet tlic cost of the 
MSc course registration and 
examination fees (currently about 
(330 per annum). 

Apidicatiim forms and further 
drtada avaOaUe fnm the Person- 
nel Department, Noitb East 
Thames Regional Health Authority, 
40 Eastbourne Terrace, London W2. 
01-262 8011 est 143. Please quote 
ref : 4023. 

Qosing date Fridsy, 3 Septem- 
ber, 19U. 



(NOKTHWICR I 
WATFORD HOAD 
HARROW. 
HAI lU) 



TECHNICIAN 



A Tschniciui t< required Co worlt wkhia the dhrtaloa of psychiicry atsiitini 
in a protect involving the growth of nwfettepic v i fMIW botli in cell culture 
and in vivo. Also involved would be tMhaiaaas sewBsn i ad widi rsdio-labellint, 
puriflcation, WDA hybridiiation, use of entkvlral egefits and lymphocyte 
cultivation. Previous experience in Microbiology, Virology or Biochemistry 
would be an asset. 

Salary will be within the range £5SIS-£7SS0 (inclusive of London Wei(htin{) 
depending on age and experience. 

For application form and further details apply in wricini please to Mi» B. 
Shaw, quoting R«f: l3$m42M. Oorini dSM 31 AngMt. 1MB. 



iNmruTB OP xeoLowr 



LABORATORY 
TECHNICIAN 

required to auitt in s raturch programme 
in mammaliwi reprodlWKiv* physiolofy. 
Expertenc* in rarfioiiimiwiOBney tech- 
niques it esMntiat: knowlqdg* of reproduc- 
tive endocrinology and/or biochemittrr 
would be advantageous. 

Candidates should possess or be working 
towards an HNC, BSc or comparable 
qualification. The appointment it for 3 
years initially. Salary, wcerding to age, 
quaiifkadom and up riwiO a m ba wtehin 
the rang* C50BS (• €1731 pft kidiidlftg 
London Weighting. 

Applying in writing, giving full details 
to the Establishment Offlear. Zoo- 
loglail SMiaty of Lom^r, RosoRta 
~ ' NWI 4IIT. 



IMPERIAL CANCER 
RiSEARCH FUND 

SENIOR OPERATOR 
DEC 20/60 

required by our Research Computer 
Unit for a nine months appointment. 
The Unit provides the Computer 
service for the scientific woric of the 
Fund, and we require a person con- 
versant with scientific time-sharinf 
system operations, a sood knowtedxe 
of BASIC or FORTRAN and experience 
in Assembly level work. Salary ranfe 
£6045 to £8060. For further information 
and application form write or telephone 
Me S. H. Hurl**, ImparUI Cancer 
RMMrch IHinAtlii rils 1i I— Wolda. 
wa on Uajonr mfe MS ^MKlng 
r«(. 1 1 I/O. 



PUBLIC BKAUni 
LABORATOKy I 
BOARD 

PHLS Centre for Apftaed 
Microbiology and Researdi 
MBDIOAL LABORATCWY 
SCIENTIFIC OFFICER 
VAOdNB RESEARCH AND 
PRODUCTION LABORATORY 

Applications are invited for the 
above post in the Vaccine Il» 
search and ProducHoo LabtB-atory 
at the Centre for Ap^ed mtOO' 
biology and Reaeardi. The Labor** 
tory is involved in investigatioiM 
of micro-organisms of current or 
potential clinical Importance and 
the protluction of human vaccines 
and diagnostic reagents against a 
range of pathogenic micro- 
organisms under the appropriate 
licensed conditions. 

The successful applicant will be 
expected to (a) be involved in the 
research programmes within the 
laboratory, in particular those 
leading to the <lw<lu|wiem •( 
effective herpesvima tT R C t'tllM, Md 
(b) aaaist when neci jUM In. 



manufacture and taatfaM of . 

bial vaccines for cUnicaT use. 

Applicants should be registered 
with the Council for Professions 
Supplementary to Medicine or be 
a graduate in an appropriate Held, 
eligible for State Registration. 
Possession of a sound iuiowledge 
of microbial cind tissue culture 
techniques is essential and an 
understanding and interest in bio- 
chemistry would l>e desirable. 

Starting salMT for MLSO grade: 
£4958 per annum, rising by annual 
increments to a maximum of 
£6993. National Health Service 
Terms and ConditiMna will 
The post may be iHtClUlOd f 
allv bv contacting Dr C N. 
telephone Idmiston (0980) 610391. 

Application forms are available 
from Mrs M. Bushby, Personnel 
Officer. I'HL.S Centre for Applied 
MicrobioliiKv .nul Research, Porton 
Down, Sali^sl)u^v, Wiltshire .SP4 
OJG. Tel: Idmi.ston CUiy.ll. Clo.sing 
date 3 September, UI82. 



uNivmmr or sr. amomwi 

kotPhyeia 



ApoHceilena arn Invited for e peit of 

POSTDOCTORAL 
RESEARCH 
FELLOW 

tenable for up to three years at a ulary in 
the range from £6070 to £6880 (und«r 
review). The prajMS i» SERC-funM M>d 
involvet the ap p H cwtow of douMa- m id— r 
rcMfuuKc technjqiwt «• «Imi 4mtmaimn amd 

SS^SyHmhtmi liquid hsHuni wiw un i 

tures will be used. 

Some experience of r.f. m4 cryvganlc 
techniquet deiirable. Surting daM fMflO- 
tiabie in the range from October 1982 to 
October 1963. 

Further details ar« available front 
Dr O. P, Tunstall, Departmant of 
Physics, Sc. Andrawt Univarslty* 
North Haugh. St. Andrews KTI6 »SS, 
to whom applicatioM with a cairrtcu- 
lum vitft 



UNIVEBSmr WBEAIHNG 
Department of Pood Sdence 
POSTDOCTORAL RESEARCH 

OFFICER 

required for a fixed period of 
three vears from I October, 1982 
to work on ARC funded project on 
the development ol chromato- 
graphic methods for the deter- 
mination of food triglycerides. 
Applicants should have a sound 
knowledge of modern chromato- 
graphic methods and a strong 
interest in the area of food 
analysis. Starting salary £6375 per 
annum. USS superannuation. 
Apply urgently, quoting Ref B34A, 
for application form to Peraonnel 
Office. University of ReadfalM. 
Wbiteluiiglita, ReadingBG6 TmL 
Tel: VlS^tma; est 2S3. 



Copyrighted material 
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QUESN EUZABETH 

COLLEGE 

Kensington 

(University of London) 
Food Science and Nutrition 
Etepartment 

TUTORIAL ASSISTANT 

A part-time (2/3 days/ week) 
tutorial assistant is required for 
the postgraduate University of 
London Diploma Course in Food 
Resources related to Community 
Development, taught at Queen 
Elizabeth College m the Depart- 
ment of Food Science and Nutri- 
tion. A degree in sociology/social 
anthropology together with back- 
grouncl knowledge in Community 
Developmeilt and experience in a 
developing country such as VSO 
are desirable. The person appointed 
will be expected to undertake 
some administration duties and 
deal with the secretarial and 
organisation problems of the 
course. The appointment would 
initially be for 12 months from 
1 November, 1982 or as soon 
after as possible. Salary for full- 
time post in range £6375-£8940 per 
annum plus London allowance 
£1035 per annum; pro rata for 
time agreed. London allowance, 
also pro rata, in addition. 

Further particulars and applica- 
tion form from the College Secre- 
tary, Queen Elizabeth College, 
Campden Hill Road, Kensington, 
London W8 7AH, Tel: 01-937-5411; 
ext 209. 



Southampton 

THE 

r^ll/St^ UNI\^RSITY 



i^^^ IINIXTIRSITY 



MICROELECTRONICS CENTRE 

Applications are invited for: 

PROCESS 
ENGINEERS/ 
ASSISTANTS 

in semiconductor device fabrication to 
work in the Centre's extensively 
eqtjipped fabrication facility. An 
increase in industrially sponsored work 
has led to these vacancies. In addition 
to MOS and bipolar intecrated circuit 
fabrication, the person appointed 
would become involved in the develop- 
ment of new transducers in silicon, and 
would have the opportunity to develop 
his/her skills in silicon processinf. 
Experience of ic fabrication is essential 
and a knowlcdf e of semiconductor 

?hysics would be advantsfeous. 
alary dependent upon age, experience 
and qualifications. 

Applications (in duplicate) should 
be sent to D. A. S. Copland, The 
University, Southampton S09 
5NH. (ivinf a brief curriculum 
vitae and the names of two referees, 
quotinf reference 336/A/'NS. 



UNIVERSITY OF 
LIVERPOOL 

Department of Biochemistry 
RESEARCH ASSISTANT/ 
SENIOR RESEARCH 
ASSISTANT 

Applications are invited from 

?:raauates in biological sciences 
or the post of Research Assistant/ 
Senior Research Assistant in the 
Department of Biochemistry. The 
successful candidate will work 
with Dr P. D. G. Dean on a project 
entitled: Development of Novel 
Methods for Interferon Purifica- 
tion. 

The post is tenable for 12 
months at a salarv on the scale 
£5550-n225 per annum. 

Applications, together with the 
names of three referees, should 
be received not later than 14 Sep- 
tember, 1982. by The Registrar. 
The University, PO Box 147, 
Liverpool L69 3BX, from whom 
further particulars may be ob- 
tained. Quote ref RV/785/NS. 



OPPORTUNITIES FOR 
UFE SCIENCE GRADUATES 

AT WYETH lABORATORIES 



Wyeth Laboratories is a pharmaceutical company with wide 
interests in the development, manufacture and marketing of 
medicines and nutritional productS- 

1. The scientific information group provides information support 
to the Research, Medical and Marketing Divisions and to 
prescnbers, by providing literature searches, reviews and 
information in response to technical queries. A vacancy now 
arises for an information scientist to |0in this group of 
four graduates. The successful candidate will hold a degree 
m pharmacy, pharmacology or other life science and will 
preferably have enperience of scientific information in the 
Pharmaceutical Industry. An MSc in Scientific Information 
would also be considered an advantage. 

2. The registration group is concerned with regulatory approvals 
in UK and Ireland, including the compilation of applications 
using scientific reports from the Research Division. This 
group has a vacancy for an additional registration officer. 
Experience in registration would be an advantage but is not 
essential. A high level of ability to organise scientific material 
and to write clearly and concisely on scientific matters is 
essential. 

Both these posts are based at our head office at Taplow near 
Maidenhead in a pleasant rural setting and with easy access to 
the M4 motorway. The salary offered will relate to age and 
experience within the range of £5850 to £9500 per annum. Other 
terms and conditions of service are commensurate with those 
expected of a large international company. 

For further details and an application form please contact: 
Miss Clare Bradshaw, Personnel Officer, Wyeth Laboratories, 
Huntercombe Lane South, Taplow, Nr. Maidenhead, 
Berks SL6 OPH. 

Tel: Burnham (06286) 4377 Ext 426S 
Ref: MD/7. 




MRC 

NEUROPSYCHIATRY RESEARCH LABORATORY, 
WEST PARK HOSPITAL. EPSOM, SURREY 

RESEARCH ASSISTANT 

Applications are invited for this research post (available for 

3 year-s) to assist in investigations of amine recognition sites 

and transport processes in platelets and lymphocytes of patients 
suffering from depressive illness. 

Salary scale £4958-£6993 pa plus £527 pa London Weighting. 
Further information available from Dr K. Wood (Tel Epsom 
24771). 

Application forms available from District Personnel 
Department, Rosebery, West Park Hospital, Horton 
Lane, Epsom, Surrey. 
^ /^^-^\ r_-| Telephone Epsom 41420 ansafone 
-'^1 or 40299/40397. Closing date 

I ■11 September, 1982. 




Health Authority 



UNIVERSITY OF BRISTOL 
H. H. Willi Phyiio Laboratory 

Applications are invited for a 

RESEARCH 
ASSISTANT 

on the SERC IB scale from Chemistry 
graduates (BSc. or HNO) whose decree 
course contained a substantial inorganic 
component. The successful candidate 
will be required to prepare specialised 
compounds containing stable isotopes 
for neutron diffraction work. The pott 
will involve investigating various 
methods of synthesis and the person 
appointed will be expected to work 
primarily on his or her own initiative. 
Experience of working with glove boxes 
and ion-exchange columns would be an 
advantage. The post is funded for two 
years from I October. 1982 in the first 
instance, and the starting salary will be 
in the range £6375-£8085 pa depending 
on age and experience. 

Applications, which should contain the 
names of two persons to whom refer- 
ence may be made, should be sent to 
ProfeiBor J. E. Enderby, H. H. 
Wills Phytics Laboratory, Tyndall 
Avenue, Bristol BS8 ITtl, as soon 
as possible. 



UNIVERSITY COLLEGE OF 
NORTH WALES, BANGOR 

RESEARCH FELLOW: 
BACTERIAL PLASMIDS 

Applications are invited from 
molecular biologists / microbial 
geneticists with postdoctoral ex- 
perience in recombinant DNA 
technology to work on the analy- 
sis of bacterial plasmids determin- 
ing the catabolism of aromatic 
hydrocarbons. The research will 
be undertaken in Bangor in col- 
laboration with Dr P. A. Williams, 
but the person appointed will also 
be involved in the advisory capa- 
city with Shell Hesearch at 
Sittingbourne. 

The appointment, which is 
funded bv Shell, will be for one 
year in the first instance (renew- 
able for a further two), will 
commence on 1 October, 1982, or 
such other earlier date by 
arrangement, and will be at an 
initial salary of £10 240 per annum. 

Applications (two copies), giving 
details of qualifications and re- 
search experience, together witii 
the names and addresses of two 
referees, should be sent to the 
Assistant Registrar (Personnel), 
University College of North Wales, 
Bangor. Gwynedd LL57 2DG, as 
soon as possible. (Informal en- 
quiries may be made to Dr Wil- 
liams on Bangor (0248) 51 131, ext 
413.) 

CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 

(University of London) 
RESEARCH TECHNICIAN 

Applications are invited for the 
post of Research Technician to 
join a group investigating the 
cellular and biochemical effects of 
cigarette smoke on lung tissue 
components. The post will be for 
one year in the lirst instance with 
the option to renew. Applicants 
should have a degree m bio- 
chemistry, cell biology or a re- 
lated science and preferably some 
research experience. Previous ex- 
perience with tissue culture, 
immunology ur protein isolation 
techniques will be an advantage. 

Salary within range E4958-E6993 
per annum plus £932 per annum 
London Weighting. 

Enquiries should be made to Dr 
T. D. Tetley. Department of 
Medicine, on ext 2566, and appli- 
cations on forms obtainable from 
The Secretary, Charing Cross 
Hospital Medical School, The 
Revnolds Building, St Dunstan's 
Road, London W6 8RP. within 
three weeks of the appearance 
of this advertisement. 
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Novel 
Silicon Devices 



THORN EMi's Central Research 
Laboratories at Hayes — one of 
the world's leading innovative 
research establishments — 
require a Senior Research 
Physicist/Engineer to be 
responsible for silicon circuit 
design and fabrication in a 
newly formed department 
specialising in the development 
of novel discrete devices. 

You should be well qualified in 
Physics or Electronics and have 




2 or more years relevant 
experience which includes the 
supervision of graduate staff 
and apprentices. 

You will be joining a highly 
qualified and competent team 
working in a stimulating 
environment which encourages 
initative and inventiveness. 

To apply, please write (enclosing 
full cv) to Neil Robotham, THORN 
EMI, 135 BIyth Road, Hayes, 
Middlesex or telephone him on 
01-573 3888 extension 3016. 



THORN EMI 

Central Research Laboratories 



ROTHAMSTED 
EXPERIMENTAL STATION 

Harpenden, Herts AL5 2JQ 
MICROBIOLOGIST 

required to join a large multidisci- 
plinary team in the Entomology 
Department working on the degra- 
dation of organic wastes by earth- 
worms, aimed at the production 

of bulk plant growth media and 

protein for livestock feed. The 
appointee will need to have an 
imaginative approach to do re- 
search on microorflanism/worm 
interactions and link this with the 
agricultural requirements of large- 
scale waste utilisation. The appoint- 
ment will be for two years with 
the possibility of extension. 

Qualifications: 1st or 2(i) hons 
dejKree in microbiology or micro- 
biolofiy/zoologv with at least two 
years' suitable postgraduate ex- 
perience and preferably a PhD. 

Appointment in the Higher 
Scientific Officer grade (£6840- 
£9126) according to qualifications 
and experience. Non-contributory 
superannuation. 

Apply in writing to the Secre- 
tary giving names and addresses 
of two referees and quoting ret 
no 499 by 3 September, 1982. 
Further details on request. 

ROYAL HOLLOWAY 
COLLEGE 

(University of London) 
POSTDOCTORAL RESEARCH 
ASSISTANT BIOCHEMISTRY 

Research Assistant to work with 
Dr R. A. Dixon for three years on 
an ARC financed project concern- 
ing enzymic changes in relation 
to phytoalexin accumulation in 
French Bean. Candidates should 
have a sound knowledge of en- 
zymology. 

Salary scale £8260-£9120. 

Applications, two copies with 
curriculum vitae and names and 
addresses of two referees, 
should be sent to: Mrs D. J. Odds, 
Royal HoUoway College, Echam 
Hill, Egham, Surrey TW20 OEX. 



THI DIPARTMINT Or 

NCUROCHEMISTRY 
MAX.PLANCK-INSTITUTI OP 
■ lOPHTSICAL CHiMISTRT 
C<iTTINCIN, 
no. RIP. OP CIRMANT 

Invites applicationt for: 

(a) a pott-doctoral poiition in the 
Electron Microtcopy Unit for i-2 

year*, with possible further exten- 
sions; 

(b) a technical assistant. 

Qualifications: 

(a) candidates should have prior experi- 
ence in electron microscopy: 
experience in immunohiscochemica' 
techniques at the light and electron 
microscopic levels an advantafc: 

(b) experience in biochemical tech- 
niques; Che post would suit a 
biochemical graduate not planning 
to continue to the PhD. 

Curriculum vitme and references to be 
sent to: Dr V. P. Whittakor. Abe 10 
MPI flir Blophyeikallactie Chatnie 
Poitfach *M, D-J400 Cottingen, PRG| 

Salaries on BAT Ha and Vb scales according 
to age and family status. 



UNIVERSITY OF ABERDEEN 

Department of Bio-Medical 
Physics and Bio-Engincering 
LECTURER IN BIO-MEDICAL 
MECHANICS 

Graduate mechanical engineer, 
preferably with training and ex- 
perience in Bio-Medical Mechanics, 
to lead small collaborative re- 
search group and teach up to 
postgraduate level, with adminis- 
trative responsibility for depart- 
mental mechanical workshop. The 
appointment is tenable for two 
years in the first instance. 

Salary on Lecturer Scale £6070- 
£12 860 per annum) with appro- 
priate placing. 

Further particulars and appli- 
cation forms from The Secretary. 
The University, Aberdeen, with 
whom applications (two copies) 
should be lodged by 10 September, 
1982. 



IMPERIAL CANCER 
RESEARCH FUND 

SCIENTIFIC 

PROGRAMMER-ANALYST 
required by our Biomedical Com- 
puting Unit to work with ICRF 
scientists on the design and im- 
plementation of programs for the 
capture, analysis and management 
of laboratory data. Facilities on 
our DEC 20/60 mainframe are ex- 
ceptional and the post is within an 
active research group working on 
projects including software for 
genetic engineering research and 
medical application of artificial 
intelligence (expert systems). 

Graduate or equivalent with a 
science training and programming 
experience. Knowledge of an algol- 
based language, image- or signal- 
processing systems or assembl.v- 
language would be an advantage. 
Salarv ranire £6045-£8423 (revision 
pending). For further information 
and application form write to or 
telephone Ms S. M. Hurley, Im- 
perial Cancer Research Fund. Lin- 
coln's Inn Fields. London WC2 on 
242 0200 ext 305. Quoting refer- 
ence 105/82. 



DATA PROCESSING 
(Typesttting Application*) 

An opportunity exists for a 

Programmer 

to head up a small team converting 
data to a form suitable for type- 
setting. Knowledge o1 printing and 
familiarity with Norsk Data, Digico 
or Apple Systems helpful. 

Salary negotiable. 
Applications in writing, with full 
CV, to Th* Managing Director, 
Aldan Praas Ltd, Oanay Mead, 
Oxford OX2 OEF. 



THE UNIVERSITY OF 
LEEDS 

Departmeat of Physical 
Chemistry 

"Kinetics of gas phase 

reactions" 

A LABORATORY 

TECHNICIAN 

is required (appointment for two 
years) to assist in a research pro- 
gramme. Depending upon experi- 
ence and qualifications of the ap- 
plicant, the post would be at 
Grade S or Grade 3, and the job 
description for each grade is avail- 
able on request. Duties involve 
operation, maintenance and 
modification of equipment which 
includes vacuum lines, mass spec- 
trometer, electronic and spectro- 
scopic equipment. Applicants 
should have a minimum qualifica- 
tion (in chemistry or physics) of 
HNC, HND or HTEC and a mini- 
mum of eight years' appropriate 
experience for a Grade 5 post; 
and a minimum qualification of 
ONC, OND or TEC and a mini- 
mum of three years' appropriate 
experience for the Grade 3 post. 
Salary for Grade 5 on a scale £5695- 
£6650 per annum (under review) 
or for Grade 3 on a scale £4672- 
£5473 per annum (under review). 
Applications including details of 
qualifications and experience and 
the names of two referees should 
be sent as soon as possible to Dr 
D. L. Baulch, Department of 
Physical Chemistry. The Univer- 
sity. Leeds LS2 9JT. from whom 
further particulars can be obtained. 



UNIVERSITY COLLEGE OF 
NORTH WALES, BANGOR 

TEMPORARY LECTURER: 
PHYSICS 

Applications are invited for the 
above appointment in the School 
of Physical and Molecular Sciences, 
which will be for two years in 
the first instance but with the pos- 
sibility of extension for a further 
two years, and will be within the 
range: £6375-£7225 per annum. 

The successful applicant is likely 
to have postdoctoral experience 
in solid state physics research. 
Previous teaching experience 
would be an advantage. 

Applications (two copies), giv- 
ing details of qualifications and 
research/teaching experience, to- 
gether with the names and ad- 
dresses of three referees, should 
be sent as soon as possible to the 
As.<:istant Rp''istrar (Personnel), 
University College of North Wales. 
Bangor. Gwynedd LL57 2DG. (In- 
formal enquiries may be made to 
Professor C. ,I. M. Stirling on 
Bangor (0248 SllSl. ext 223.) 

Applications will only be ack- 
nowledged if accompanied by 
s.a.e. 



THE ROYAL MARSDEN 
HOSPITAL 

Fulham Road, London SW3 
MEDICAL PHYSICS 
TECHNICIAN GRADE HI 

required in the Radiotheraoy and 
Physics Electronics Workshop of 
the above Hospital. The person 
appointed will work in a small 
group responsible for the main- 
tenance of radiotherapy equipment 
including three Cobalt units, a 
Philips lOMeV Linear Accelerator 
and orothovoltage X-ray equip- 
ment. Applicants should have 
experience in electronics and in 
electrical and mechanical servic- 
ing. 

Anplicants should hold ONC, 
HNC or similar qualification in 
electrical engineering or elec- 
tronics and have at least three 
years' relevant technical experi- 
ence. 

Salary on scale £6468-£8087 per 
annum (pay award pending). 

For an application form and job 
description please contact the 
Personnel Department — Tel: 01-352 
8171 ext 446. 
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Indexer 

FSQuirad fbr the 

ZOOLO&CALI^iCOI^ 

— an annual bibliography of the world's zoological literature 

The post Involves scanning and indexing literature from ail 
over the world, to produce input for a computer based operation, 
with some involvement in checldng computer output of pro- 
eetMd material. 

Applicants should possess a degrM in Zoology or an allied 
subject (where zoology forms part of the degree course) and 

should preferably have some linguistic ability. 

Salary starts at £5400 for a 35 hour week and includes 4 weeks 
paid annual holiday. 

Handwritten applications, giving details of 
qualifications and career to date, should be 
•ent as soon as possible to: 

Administrative Manager 

BIOSIS, U.K. LIMITED, 

44, High Street, Boston Spa, 
Wsliiaiby, WosI Yorkalilra LSS MA. 





PHYSICIST OR 
MATERIALS SCIENTIST 

The Phytlci Section hai a vacancy for a person to 
work as part of a tmatl team currently working in the 
area of strenath of, and protective coatingt for, glass 
surfaces, and to take charge of part of the programme 
of work In this area. The Section also carries out s 
wide variety of consultative and contract work wtilch 
it is seeking to expand: the main areas being strength 
tasting, physical property measurements. X-ray 
analysis and petrologlcal Investigations. The 
successful appiicant would be expected to tMComa 
familiar with some of the techniques involvsd. 

Candidates should have a itlevani 
aiperience In the fIsM of glass 
advantage. 



Salary will be negotiable 

and experience. 

Letters of application, 
together witii a curriculum 
vitae, should be sent to 
Christine Harrison (Miss), 
to aitiwo by 1 September, 
Wea s e quote 
JBW/CMH. 



science would be an 

on qualifications 




The British Glass Industry Research Association 



R0THAM81CD 
BZFKRIMENTAL STATION 

Harpenden, Herts AL5 2JQ 

SCIENTIST 

The Soil Survey of Filmland .inci 
Wales (Derby Centre) leiiuiic, a 
scientist to assume respoii.sihilitv 
for ajipUed soil physics, and to 
supervise its Soil \Vater Labora- 
tory, Aptitude for modern data 
handling techniques essential. Pro- 
gramming experience and know- 
ledge of electronics desirable. 

Qualifications: Degree in an ap- 
propriate subject for appointment 
at SO. Degree or HNC in an ap- 
propriate subject with at lea.st Hvc 
years' relevant post-qualifvine 
experience for appointment at 
HSO. 

Appointment in the grade of 
Scientific Officer (£5422-£7399) or 
Higher Scientiac Officer £6840- 
£9126), according to qualiHcations 
and experience. Non<ontrilHitory 
superannuation. 

Appl.v in writing to the Secre- 
tary giving names and addresses 
of two referees and quoting ref 
-I'l-) I,, -, ,i,.int>er. l'W2. Further 



MID-SUSSEX WATER 
COMPANY 

ANALYST £B420-£71B2 

Applicatiuns .ire in\ited for tile 
above post based at tiic company's 
Barcombe laboratory, north of 
Lewes. The laboratory pro\ides 
chemical and biological services to 
the company fur \ ai ictl i .nv vvatci s 
and treated w-aters for public sup- 
ply. The person appointed will be 
responsible fur the day to day 
running of the laboratory under 
the direction of the company's 
worlcs chemist. It is anticipated 
that the successful applicant will 
be educated to HNC standard in 
chemistry (or equivalent) and 
have had experience in an analyti- 
cal latior a t o iy preferably within 
the water Industry. Experience in 
atomic absorption spectrophotome- 
gy is essential. Five day week. 
This post is superannuable. 

Please write or telenhone for 
application form to Mid-Sussex 
Water Company. 1 Church Road, 
Havwards Heath. West Sussex 
."Hie 3DX (tel: Haywards Heath 
457711). Closing date 31 August, 
IWB. 



Ground Probing 
Radar 



KILLINGWORTH 



up to £9794 



We are looking for on innovative R&D engineer or 
physicist to contribute to the development of a microwave 
system aimed or locating buried cables and metallic or 
plastic pipes. The challenge to technical ingenuity is 
considerable, as such a device will have to work in a high 
dulter, high attenuation environment. GMisequently, a 
sound knowledge of wHde bond-width microwave systems 
design, with parficular emphasis on signal processing is 
important. Ideally, the candidate should hove an 
awareness of broadband antenna design techniques, the 
microwave properties of materials and imaging 
techniques. 

The successful candidate wiH be expected to work in a 

small project group and make a major contribution to the 
technical progress of the work. He or she will be 
encouraged to develop their professional skills and a 
flexible and innovative approach to the work is essential. 

The minimum educational requirements are on honours 
degree in Electrical or Electronic Engineering, or Physics 
and membership of the appropriate professional 
Institution is desirable. 

Storting salary will be wittiin the range £8,5]0 - £9794 
[currently under review] and conditions of service ore 

excellent. 

Please telephone or write for an application form, 
quoting ref ERS/217/NS, to: 
Senior Personnel Officer, 
British Gas Engineering Research Station, 
Kiliingworth, Newcastle upon Tyne NE99 1LH 
Tel: [0632] 684828, Extennon 348. 




BRITISH GASr 



UNIVEBSmr OF 
NEWCAS1XE UPON TTNB 

Department of Mechanical 

Engineering 

RESEARCH ASSOOATE 

Applications are invited for a 
temporary three-year ]MMt of Re. 
■ - In file r 



search Associate in tiie Depart)- 
ment of Mechanical EnfineerinC 
to take part in a research inveitl- 
Ration into the measurement and 
analysis of moyements of the 
human aini 1 he project, under 
the direction iil Oi G. R. Johnson, 
Reader in Hii)nu'iii< al Engineering, 
is fin.iMied bv SF.RC as part of 
their spc<i«llv promoted pro- 
gramme in Medical Kngineenng. 
Applicants should have a good 
honours degree in physics, en- 
gineering or a related discipline 
and should have research experi- 
ence. 

Starting aalaiy will be in ttje 
range £637MnB per annum on 
the Range 1A scale (efi37S.E11 105) 

according to age. qualifications and 
experien( e. 

Further details may l»e obtained 
from Dr V.. 1\. Johnson, Depart- 
ment ol Mechanical Kngineering, 
The I niversity, Stephenson Build- 
ing. Claremont Road, Newcastle 
iiDoii Tyne Nl;l 7HU, to whom ap- 
plii .itiotis with curriculum vitae 
and the names of three referee*, 
should be sent not later than 17 
Septemlwr, 1982. 



UNIVERSITY OF GLASGOW 

Department (it Bcjiany 
RESEARCH ASSISTANT 

Applications are invited for an 
SERC Research Assistant to work 
on sexual reproduction in the 
fungi Phytophthora and Pythium. 
Applicanta having a good honours 
degree tn biochemistry/micro- 
biology may register for a PhD 
degree. Initial .salary will be £5284 
on Range IB of the scales for Re- 
search and Analogous staff. 

Applications, naming two 
referees, should be sent to Dr 
C. G. Elliott. Department of 
Botany. University of Cllasgow. 
Glasgow GI2 SQQ, as soon as 
po.ssible. 

In reply please quote ref no 

4916N. 



Copyrighted material 
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Expansion of 
Biotechnology 

Searle Research and Development at High Wycombe has a major commitment to 
biotechnology and currently employs a large number of Geneticists, Fermentation 
Technologists and Protein Chemists in its recombinant DNA programme. As a result of 
expansion of this effort we have two new positions in the Fermentation Group. 

FERMENTATION TECHNOLOGIST is required to work on the production of 
compounds of bacterial origin. The work will involve the development to pilot scale of 
genetically modified strains and will necessitate close liaison with other groups, 
particularly Bacterial Geneticists. (Ref. R56/SN6). 

GRADUATE RESEARCH ASSISTANT preferably with experience in handling 
fermentors. is required to assist the Fermentation Technologist. (Ref. R55/SN7). 

Searle offers excellent salaries and career prospects and benefits include relocation 
assisunce, 4 weeks' holiday per year, contributory pension fund, private health 
insurance scheme, subsidised cafeteria, and recreation club. 

Please apply, quoting the appropriate reference, by sending a detailed c.v. or 
by obtaining an application form from Miss D. Wardman, Assistant Personnel 
Officer, Searle Research and Development, Lane End Road, High 
Wycombe, Bucks HPI2 4HL. (Tel. High Wycombe 21 124, ext. 3374) 



ROTHAMSTED 
EXPERIMENTAL STATION 

Harpenden, Herts AL5 2JQ 
CHEMIST 

required in the Chemical Liaison 
Unit for a period of 18 months 
to join an interdepartmental group 
investigating control of potato 
tuber diseases. The post, funded 
by the Potato Marketing Board, 
is intended for research into im- 
proved application techniques for 
fungicides and will involve analy- 
tical work on new and established 
fungicides. 

Minimum qualifications: Degree 
in Chemistry. At least five years' 
relevant post-qualifying experi- 
ence is required for appointment 
as Higher Scientific Officer. 

Appointment in grade of Scien- 
tific Oflicer (£5422-£7399) or 
Higher Scientific Officer (£6«4»- 
£9126). Non-contributory super- 
annuation. Apply in writing to the 
Secretary giving names and ad- 
dresses of two referees and quot- 
ing ref 498 by 3 September, 1982. 
Further details on request. 

DURHAM UNIVERSITY 

Department of Applied 
Physics and Electronics 

Applications are invited for a 
SBRC POSTDOCTORAL 
SENIOR RESEARCH 
ASSISTANTSHIP 
tenable for three years from 
October 1982 for work on the 
theory of Auger recombination in 
semiconductors and quantum well 
heterostructures under the direc- 
tion of Dr R. A. Abram. Experi- 
ence of Auger and/or many body 
theory would be an advantage. 

Initial salary in the range £6375- 
£7225 on Range lA plus superan- 
nuation. 

Applications (three copies) 
naming three referees should be 
sent to the Registrar. Science 
Laboratories, South Road, Durham 
DHl 3LE by 24 September, 1982, 
from whom further details may be 
obtained. 



newscientist 

Our busy news department needs an experienced secretary 
aged 19+ to run its day-to-day affairs. The job involves 
typing, filing and generally organising the team of journal- 
ists who put together the news section of this award-winning 
magazine. Ability to work on your own initiative is essential 
and there will also be scope for some routine research in this 
interesting but demanding post. Salary £5,759-76 pa 
(under review). 

Please contact; Patricia O'Flanagan, New Scientist, Com- 
monwealth House, 1-19 New Oxford Street, London WCl A ING 
(Tel: 01-404 0700 Ext 24J). 

We are an Equal Opportunity Employer. 



MRC CLINICAL RESEARCH CENTRE 
(NORTHWICK PARK HOSPITAL) 
WATFORD ROAD 
HARROW MIDDX 
HAI 3U1 

TECHNICIAN 

A Technician, interested in Cellular Immunology, is required to work on a 
research project to study the genetic reculation of cellular immune responses 
to weak histocompatibility antigens of the mouse. This involves the production 
and maintenance of T cell clones and hybrids, an anaylsis of their antigenic 
specificity in cytotoxicity assays, and the detailed comparison of the immune 
responsiveness of the congenic mouse strains of origin. Experience m tissue 
culture and immunological techniques would be of advantage. 

Salary wilt be within che range £55l5-£7550 (inclusive of London Weighting) 
depending on age and experience. 

Applications with full CV should be sent to Miss B. Shaw, Personnel Office, 
Clinical Research Centre, Watford Road, Harrow, Middx HAI 3UJ. quoting 
Ref: 129/2/4338. Closing date 31 August, 1982. 



THE OPEN 
UNIVERSITY 

FACULTY OF 
TECHNOLOGY 



9 



Assistant 
Project Officer - 
Microprocessor 
Development 

An Assistant Project Officer is 
required to assist in the develop- 
ment and day-to-day running of 
a microprocessor development 
laboratory being set up in the 
Faculty of Technology. He/she will 
take responsibility for recommend- 
ing the purchase of new equip- 
ment, ensuring adequate mainten- 
ance of existing and new 
equipment, preparing adequate 
user documentation for systems, 
assisting users with technical 
problems and possibly helping 
with the design of microprocessor- 
based products. 

Applicants should have a degree 
or equivalent In electronic engin- 
eering and preferably two or three 
years appropriate experience In the 
field of microprocessor-based 
system design. 

Salary will be on the IB scale for 
other related staff £5550-£9370 
plus pension benefits, over 6 weelts 
annual holiday and good social 
sporting facilities. 

Application forms are available 
from Mrs S. McBrearty (4354;2), 
Faculty of Technology, The Open 
University, Walton Hall, Milton 
Keynes, or telephone Milton Keynes 
(0908) 653941: there is a 24 hour 
answering service on 653868. 

Closing date for applications: 
2 September. 



NATIONAL INSTITUTE FOR 
BIOLOGICAL STANDARDS 
AND CONTROL 

ELECTRON MICROSCOPY 
TECHNICIAN 

Technician is required to assist 
in the development of electron 
microscopical methods for stan- 
dardisation and control work on 
viral vaccines and cell culture and 
associated research work. The elec- 
tron microscopy unit is part of 
the Viral Products Division and is 
equipped with scanning and trans- 
mission electron microscopes. The 
technician would be expected to 
help provide an electron micro- 
scopy service for the whole In- 
stitute. 

Applicants should be qualified to 
degree standard or equivalent in 
microbiology/virology and prefer- 
ably have experience of electron 
microscopy techniques and the 
preparation of specimens together 
with the associated photographic 
methods. Experience in virological 
methods would be advantageous. 

Salary scale will be dependent 
on relevant experience qualifica- 
tion and age and on either Scale 
£4958 and/or £6497-£8583 plus £932 
London Weighting. For further 
details and an application form 
please contact Personnel Officer, 
National Institute for Biological 
Standards and Control, Holly Hill, 
Hampstead, London NW3 6RB, 
quoting reference VP/109. Tel: 
435 2232. 

Closing date 3 September, 1982. 
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UNIVERSITY OF CAPE TOWN 



Lectureship in Botany 

AppllcoHom art Invlttd loi Iht abovt pott. Pitttrtnct will bt glvtn to condldottt 
witti rtitarcD txptritnct In tllhti Ecophytlology of Moilni Ecoloor/Ptivcology. 
Appolntintnt, dtptnding on quollflcatlont and txptrltnce, will bt madt on Iht 
(Olorv Malt R12 6S7 > 780-16 557 « 93S-R22 173 ptr annum. In addition a 
Itrvlct bonus of ntorly ont month t (Oloty Is poyoble onnuolly 
Staff btneflts Includi 75% itbott on tuition lets foi Oependonts at UCT, gantrout 
study leave privlltgss, o liousing subsidy which is now oiso available to single 
poisons subject to government regulations, pension fund, medlcoi aid and group 
life assurance. 

Applicants should submit a curriculum vltoe stating quallflcatlont. teaching ond 
rtteorch experience, publications, present salary, the dote duty could bt 
assumed ond the nomes and oddresses of three referees. 
Further information may be obtoined either from Miss J Uoyd, S.A. 
Unlvtrslties Onice, Chichester House, 278 High Holborn, London 
WC1V 7HE or the Rtglstror (Appointments OWct), Unlytrtlty 
of Copt Town, Rondtbotch 7700, South Africa 

iPlpasf quote Ref Nor H :'7;» 
Dit Unlvtrslly s policy is not to dlscrlmlnatt In 
Kit oppolnlmenl of stoff on the gtoundt o( 
x, idct or religion. Furthtt intorniallon 
on tht implementation of this 
policy Is obtolnoblt 
on itquttt. 



South Glamorgan Hea/t/i Aut/ior/ty 

National Blood Transfusion Service (Wales) 

St. Fagans, Cardiff 

Scientific Officer 

Salary £5129 - £6745 pa 
dependent on qualifications 

An honours graduate in biological or natural sciences 
(1st or 2nd class) is required for the development of additional 
immuno-haematological services v/lthin the Tissue T/ping 
Department. This is a new post, and the areas of work 
encompassed will be determined by ongoing clinical needs 
within the region, and may initially relate to cell-marker 
analysis and cellular immunology techniques. 

Applicants should preferably have experience in a relevant 
field and be prepared to take part in the normal research and 
development activities of the Tissue Typing department. 

This appointment is for three years. 

Application form and Job description from: 
National Blood Transfusion Service, Rhydlafar, 
St Fagans Cardiff CF5 6XF. Tel: 0222 890302. 
Closing date: 3 September, 1982. 



MCDICAU RESEARCH COUNCIL 

Toxicology Unit 

Post-doctoral Research Fellow 

Applicant* fire Invited for the above post to Join a small, enthusiastic 
group studying early changes in carcinogenesis, with particular 
reference to gamma glutamyl transpeptidase. A suitable candidate 
would be someone interested In applying the techniques of 
(euliaryotic) recombinant ONA research to ttiis biochemically intriguing 
area of carcinogenesis with possible clinical application. 

The post funded by the National Foundation for Cancer Research is 
available lor three years from 1982. Remuneration will be at an appro- 
priate point on the scale for University non-clinical academic staff. 

Applications, including a full 
curriculum vltae and the names of 
two professional referees, should 
be sent to: Dr M. M. Manson, 
MRC Toxicology Unit, Wood- 
manstern* Road, Carshalton, 
Sarrey SMS 4EF (Tel: OI-MS 

MOO), before 27 August, ittz. Medical Research Counal 





THE OPEN UNIVERSITY 
FACULTY OF SCIENCE 



9 



RESEARCH ASSISTANT 
IN CHEMISTRY 

A three-year Research Assistant post Is available in the 
Chemistry Discipline of the Open University, to work with 
Dr A. R. Bassindale and Dr P. G. Taylor on synthetic and 
mechanistic aspect of the Peterson carbonyl oleflnation reaction. 
Applicants should hold a good honours degree in Chemistry, 
or its equivalent, and have an interest in mechanistic organic 
chemistry. The successful candidate will be encouraged to 
register for an Open University PhD degree. 
This post will be available from 1 October, 1982, for three years 
only. Salary will be on the Research and Analogous salary 
scale £S285-£T700 per annum. 

Further particulars and application forms ar« available 
from the Assistant Secretary (Science) (4456/3), The Open 
University, Walton Hall, Milton Keynes MK7 eAA, or 
telephone Milton Keynes (0908) 653481 : there is a 24 hour 
answering service on 653868. 
Closing date for applications: 10 September, 1982. 



FELLOWSHIPS, GRANTS, SCHOLARSHIPS 



THE UNIVERSin OF BRITISH COLUMBIA 

Department of Biochemistry 

Postdoctoral Fellowship 

Recent PhD (or equivalent) with experience in physical 
studies of metalloproteins is sought for a project involving 
preparation and characterisation of non-porphyrin metal- 
lomacrocycle-substituted derivatives of myoglobin and 
hemoglobin. The position is available immediately for an 
initial appointment of one year (renewal for a second year may 
be possible). Starting salary is approximately $16,000. 

Applicants should forward a curriculum vitae (Including 
publication list) with names and addresses of three referees 
to: Dr Grant Mauk, Department of Biochemistry. 2146 
Health Sciences Mall. University of British Columbia, 
Vancouver, BC V6T IW5, CANADA. 



SUNDERLAND POLYTECHNIC 
Faculty of Pharmaceutical Sciences 
Department of Pharmaceutical Chemistry 

POSTDOCTORAL RESEARCH 
FELLOWSHIPS IN 
PHARMACEUTICAL CHEMISTRY 

Salary Scale: £6855 to £7692 (Lll Equivalent). 
Applications are invited for two Post-doctoral Fellowships to 
work with Dr J. R. Brown, Head of Department Pharmaceutical 
Chemistry on: 

Post I. Design preparation and evaluation of potential 

DNA-intercalating agents. 
Post 2. Evaluation of the use of carrier molecules as a means of 

targetting drugs to trypanosomes. 
Candidates should have experience of synthetic organic chemistry 
and preferably also of analytical techniques. 

An application form and further particulars may be obtained 
from the Personnel Officer, Sunderland Polytechnic, 
Langham Tower, Ryhope Road, Sunderland SR2 TEE or 
telephone Sunderland 76231, Ext. II. Closing date it 6 
September, 1982. 
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THE AUSTRALIAN 
NATIONAL UNIVERSITY 

Applications are invited from 
suitably qualified persons for 
appointment to the following 
positions: 

Research School of Physical 
Sciences 

PROFESSORIAL FELLOW IN 
SURFACE PHYSICS 

The University has decided to 
eatabliah a Profesaorial Fellowship 
in Surface Phnica to b* located 
initially in the Department of 
Applied Mathematics. 

It is anticipated that the 
appointee will lead diverse 
theoretical and experimental 
groups established in Colloid and 
Surface Science in that Depart- 
ment and will develop major 
experimental programmes in col- 
laboration with the Department of 
Solid Stale Phyeica and the Atomic 
and Molecular Physic) Laboratories. 

Closing date: 15 October, 1982. 

Conditions of appointment: Salary 
$A4() 786 per annum. Current ex- 
change rate*: «Al'>$USl=UKS6p. 

Appointment will lie to retiring 
ace. 

Reasonable appointment ex- 
penses are paid. Superannuation 

benefits .n r .n ailable for appli- 
cants uluj .lit' eligible to contri- 
bute. A-sM -vt .UK «■ with (iiuiing 
act DiTUTiixIatitiii in f'anberra is 
provitied tor an atJpointee Ironi 
outside CanlKTT .i, The I !ni\ (*rsit.\ 
reser\es the right not to make an 
appointment or to mal<e an 
appointment by in\'itation at an\' 
time. 

Prospective applicants should 
write to the Registrar of the 
University, PO Box 4, Canberra, 
ACT 2600, Australia, or to the 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WCIH OPF, for 
further narticulars before submit- 
ting applications. 

THE ANIMAL VIRUS 
RESEARCH INSTITUTE 

Applications are invited for 

TWO RESEARCH 
FELLOWSHIPS 
(supported by the Wellcome Foun- 
dation), tenable for three years. 
The aucceasful candMaMs will 
take part in a programme to in- 
vestigate the phnlcal and chemi- 
cal atractnre m foo^and-mouth 
disease virus, with the aim of 
relating the structure to its im- 
munologir al a( tivit> . 

For one of the posts the candi- 
date should hold a PhD degree and 
preferably have previous experi- 
ence in virology and protein 
chemistry. Salary £6840X2 to £7576. 

The second post is suitable for 
students graduating this year and 
opportunity will be provided to 
atudy for a higher degree. Current 
basic grant £2335 plus other agreed 
reasonable expenses. 

Application forms and further 
particulars from the Secretary, 
Animal Virus Research Institute, 
Pirbright. Woking, Surrey GU24 
ONF. Tel: (0483) 232441. Closing 
date 17 September. 



UNIVERSITY OF KEELE 
□•partmvnt of Cfiamtftry 

2- Year Post-Ooctoral 
Research Fellowship 

A versatile, resourceful organic ch«mi*t is 
required tor Professor P. H. Plesch s Poly> 
mer Group to assist in the dtvtlopmtfit ol 
nsw hMarocycUc polymm. ApplfCMta muat 
Iwv* ■ PhO or tqulvilwt fWMitth 9t^t- 
l*nc«, and b« familiar with ~"' 
spectroscopic and oIlMr 
nlques. Salary appropriate t . _ 

age accordinq to SERC acalt 1A (mlntimim 

£M)70 per annum). 

Applications with C-V., publications list, 
full personal details and names of Iwo 
scientific referees to Profaaaor P. H. 



Pfasch. University of KmI*, KmI« 
ST5 5B0, as soon as pOMlH* and f 

than 24 September, IDT 
b« marfcad PORA. 



UNIVmSITY OP UIGimR 



AppllcaltOM M invNad tor a 

Post-Doctoral 
Fellowship 



m a group studying the regulation of mam- 
malian gene expression. 
Recent work in the laboratory has led to the 
cloning and characterization of several 
mammalian genes. In the near future we 
wish to re-Introduce such genes, after in 
ffHro manipulation, into animal cells in 
order to study their expression and its 
control. We are now seeking a post-doctoral 
associate with appropriate experience of the 
molecular and cellular biology of animal 
systems to help with this work. 
The salary will be on tha raaaarch and 
analoooua acale. £1070-£1057S, and the 
appoiiitHMfft will to tor w I* wrf ytars. 
with a poaslbillty of furUiar aatonalon. 

Applicants should send a curriculum vitae 
and the names and addresses of Iwo referees 
to Professot «V. J. Brammar, Department 
off Blecbamlatry, Unlvarslty of Laleoatar, 



HIE uNivERsmr college 

OF WALES 
Aberystwyth 

Sc hool of Biological Sciences 

POSTDOCTORAL 

FELLOWSHIP 

Applications are invited from 
suitably qualified candidates in 
the neld of fish population 
dynamics for the Davies Trust Re- 
search Fellowship tenable at the 
University College of Wales, 
Aberystwyth. The project con- 
cerns the population dynamics and 
feeding of^ salmonids in small up- 
land lakes in Mid-Wales. Ap|>u- 
cants must have a current driv- 
ing licence. 

The po^t is luiided from 1 Octo- 
ber. 1982, for an initial period of 
one year. Salary according to aiae 
and qualifications. 

Applications toRether with a cur- 
riculum vitae and the names and 
addresses of two referees should 
be sent to : The Registrar. The 

University of VVulcs. Old College, 

King Street. Aberystwyth SY23 
2AX. Closing date for appUcations: 
Friday, 17 Sept«nib«r. ISfiS. 



STUDENTSHIPS 



UNIVERSITY OF BATH 
SCHOOL or ENGINEERING 

RESEARCH 
STUDENTSHIPS 

Applications are invited for th« following 
studentstiips from engineering graduates 
with First class or Upper second class 
honours degrees, to worh for higfier degrees. 
1. SERC CASE: Computer Applications 

in Manufacturing Systems 
Applicant should have enthusiasm, manage- 
ment potential and preferably aoms industrial 
experiance to work on ■ Joint project with a 
leading high precision batch-manufacturing 
ftrm based in South of England: Contact 
Df P. J. Sackett 

7. SiRC CASE: Vibration Isolation 
Suspension Systoma for PaUants in 
AmbulancM 
A joint proleet With MhlMlMafltorilcal 
Engineering. Apptleantt ahOuM hav* strong 
interests in vibration analytia, Inatrumenta- 
tion and computing, to carry out theoretical 
analysis and eKperimental investigations : 
Contact Or C. W. Stammera. 
3. UiilvMltyStad«atftlilp:AopUc«llonof 
ComputM to laglMMflM DMrtm In 
oanaratioii of Data-basaa for CAD 
Applicants should have preference for 
mechanical engineering design and applica- 
tion ot computers, to innovate a design 
selection mode (or component optimisation. 
Contact Dr J. Vogwell. 
Studentships are awarded Initially for one 
year, and are renewable annually up to a 
total oeriod ol 3 yevs. Th« CASE awards 
will be enhanced beyond the normal SERC 
grant by the co-operating companies. 
Further detail* and appllcKtlon forms from 
the above named academic staff School 
of Engineering, University ot Bath. 
Clavafton Down Bctli BA2 7AY (IBf) 



THESCHOULOr 
PHASMACT 
University of London 

Toxicology Unit 
Pharmacology Department 
RESBABCH STUDENTSHIP 

Applications are invited for a 
researrh studentship funded by 
the Cancer Research Campaign, 
tenable from October 1982. to 
read for a PhD degree. The re- 
search will concentrate on bio- 
chemical differences between 
normal and tumour tissues to aid 
in the design of selectively toxic 
anticancer agents. 

Applicants shoiiM poaaess a 
First or Upper Second Claaa 
Degree in Biodieailstry or related 
discipline. 

Applications, including curricu- 
lum vitae, and names of two 
referees should be sent to: Dr G. 
M. Cohen, Toxicology Unit, Dc- 
liai'tmeiir of Pharmacology, School 
of Pharmacy, 29/39 Brunswick 
Square. WON lAX. (TO: eM37- 
7851; ext Tl). 

Closing date: 17 September, 1982. 

UNIVERSITY OF 
CAMBRIDGE 

Department of Ph.vsical 
Chemistry 

RESEARCH STUDENTSHIP 
IN INFRARfiD LASER 
SPECTROSCCKPY 

Applications are invited for a 
reseairh studentship in infrared 
spectroscopy using a tunable diode 
laser. The aim of ttie project is 
to develoj) tiniable itifrared diode 
lasers in highly sensitive spectro- 
meters for detecting gaseous air 
pollutants and for laboratory 
spectroscopy of transient mole- 
cules. The work is supported by a 
grant from the Royal Society of 
Chemistry (Analytical Chemistry 
Trust Fund) and is tenable for 
three years from October 1982. Re- 
muneration and conditions of 
appointment are equivalent to 
standard SEBC awards. 

Further particulars from: Dr 
P. B. Davies, Department of Physi- 
cal Chemistrv, University of Cam- 
bridge. Lenafield Road, Cambridge 
CB2 lEP. 



UMiST 
ANALYSIS OF 
ATMOSPHERIC VAPOURS 
USING OPTICAL 
WAVEGUIDE 
TECHNIQUES 

Applications are invited for an SERC 
Studentship from candidates holding a 
first or upper second class honours 
degree, or MSc. in Chemistry. Physics 
or a related subject. The successful 
applicant will register for a PhD and 
Che project will last three years starting 
I October, 1982. 

Letters of application, including a full 
curriculum vitae and the names of two 
referees, should be addressed to Dr J. F. 
Alder, Department of Intcrumen- 
Htion and Analytical Science. 
UMIST, PO Box M. Mancbaater 
MM IQO, from whom further 
in fo riiie > l u ii is ■wailablo. Ploaae 
quoM roCironce IAS/SI«/A|. 



UNIVERSITY OF 
LIVERPOOL 

School of Dental Surgery 

RESEARCH STUDENTSHIP 

A position is available for a bio- 
chemist or microbiologist to pur- 
sue research on the integration of 
carbohydrate and nitrogen meta- 
bolism in dental plaque in situ, 
under the supervision of Professor 
W. M. Edgar. The studentship is 
suitable for study towards a higher 
degree. 

Applications, together with the 
names of two referees, should be 
received not later than 2 Sep- 
tember, 1982, by The Registrar, 
The University, PO Box 147, Liver- 
pool L69 3BX, from whom fur- 
ther particulars may be obtained. 
Quote raf : RV/782/NS. 



UNTVERSmr OF 
NOTTINGHAM 

Department of Applied 
Biochemistry and Food Science 
RESEARCH STUDENTSHIP 

A studentship has become avail- 
able to study the role of polysac- 
charides in soya extrusion. This 
research is directed towards the 
production of meat an.ilogues from 
vegetable proteins. 'I he suet essful 
applicant will be part ot a group 
investigating various aspects of 
food technology. 

The project is multidisciplinary 
in character and applications are 
invited from chemists, biochem- 
ists, biophyaiciats, food adenUats 
or polymer tedmoIocMs with a 
2:1 or superior degree. 

The studentship is tenable for 
three years and should lead to a 
PhD. A grant based on the 
normal SERC scale will be paid. 

Applications together with the 
names of two referees should be 
sent as soon as possible to: Dr J. R. 
Mitchell, Food Science Labora- 
tories, School of Agriculture. 
Sutton BoninKton, Nr Louxh- 
borough. Leics. 




The Univarfity, Southampton 

SERC CASE 
studentship in 
Chemistnf 

Applicatiom are invind lor an SEKC CASE 
studentthip tanabia tor 3 yaars and leadinc 
to the degree of PhD. The proieci will 
invoh/c the synthesis and characterisaiion 
of enzyme inhibitors labelled with radio' 
active isotopes, and the assessment of their 
potential for diagnoatic uw in nuclear 



Further details may be obtained frem. 

Dr P. Wyeth. DepartnMOt O 
Chemiitry, The UMiveratCy 

Southampton S09 SNH. 



BRUNEL UNIVERSITY 

Applications are invited for 
THREE POSTGRADUATE 
STUDENTSHIPS 

in the department of biochemistry. 
The areas of study are i i ) prosta- 
glandin biosynthesis in normal and 
cancer tissues; iii) products of 
lipid peroxidation in relation to 
cellular injury and DNA syn- 
thesis; (iii) reconstruction of the 
P.„,-drug metabolising system and 
activation of carcinogens. The pro- 
jects form a part of a multi- 
disciplinary intemetional cancer 
research programme. 

Applicants should have good 
honours degrees in blochemJstiry 
or biological sciences. For further 
details contact Dr A. Garner or 
Dr R. G. McDonald Gibson. Dept 
of Biochemistry, Brunei University, 
Uxbridge UBS 3PH. 

UNIVERSITY OF 
LANCASTER 

Department of Chemistry 
RESEARCH STUDENTSHIP 

Applicationa are invited for a 
Miidatry of Defence sponsored re- 
search studentship tenable fin- 
three years. 

The research Is concerned with the 
solution and solid state behaviours 
of ion-containing polymers. 

Candidates should possess a 
good honours degree, or equiva- 
lent, in chemistry. 

Further details are available 
from Dr D. J. Hourston, Depart- 
ment of Chemistry, UidveraHy of 
Lancaster, Bailrigg, 
LancaaUre LAI 4YA. 
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STUDENTSHIP 

LONDON SCHOOL OF HVailNI 
AND TROPICAL MEOICINI 

(Univar«Jty of London) 
Dopartmont of Nodical NicrobielocY 

Applicationi ire invited for i SERC/CASE 
Studoncship to itudy extrachremoiomal 
SOnotic ot«m«nts in tha cauiativa agant of 
whooping cough, Berdetclld pcrtimif, with 
a viaw CO davoieping tha ganatics of this 
erganiim. Tha projact will ba carrlad out 
in collaboration with the Molacular 
Ganatics Laboratory at tha Centre for 
Applied Microbiology and Rescerch, 
Porton Down, Saliibury, and will be 
iointly tupcrvised by Dr O. A. Broadbent 
(LSHTM) and Or C. Dugglobr (CAMR). 

AMrthMB gl W l lM hunt ■ *m or upper 
eocaii d daat honours dogreo In an appro- 
priate tubtect. 

Applications, including a curriculum vicac 
and the namea of two refereea, should be 
•am to: Dr D. A. Broadbont, Depart- 
■MM af Madical Hicrobialocy, London 
tckMl ml HrataM and Tropical 
HadMM* IfiMil I traa ^ Oawer 
fltpaad tuiia WCM THT. 



UNIVERSITY or 
CAMBRIDGE 
Department of Applied 
Biology 

SERC STUDENTSHIP 

Applications invited from 
gnouates with at least upper 
Mcond class honours degrees in 
appropriate subject to investigate 
*nesponses of phytophagous dip- 
tera to behaviour modifvin^ 
chemicals' starting October 1982. 

Further particulars from and 
applications with names and ad- 
dresses of two referees to the 
Secretary, Department of Applied 
Biology. Pembroke Street, Cam- 
bridge CB2 3DX, as soon as pos- 
sible. 



NATIONAL FOUNDATION 
FOR CANCER RESEARCH 

(U.S.A.) 

An N.F.C.R. 
Postgraduate 

Research Studentship 

will be available from October 1982 for 3 
years cn the research croup of Dr C- 
Thomson, Potti:raduate fees will be paid by 
the NFCR. and the value of the studentship 
will be the same as an SERC studentship. 

Tha r*a«Brch worti of lha ^louri in St 

Andrews is concerned with the application 
of quantum chomical moshoda to problems 
In dM malMular Mpacu of canetr, and is 
carrtad out In collaboration urfth tho other 
NKK labanMriw armind «mW. The 
maloriqr of tin cai o ii n i w g lavdM Iko use 
of sophisticated ab-Inlcio methods using 
the VAX/780 computer. 

Applications, with the names of two 
referees, should be sent as soon as possible 
and not later than 13 September. IM2 to 
the 9eaional Dimctor of Reenarch. 
Dr C. TlMmaon, at thn Dep artm ent 
of CkMiistnr, UaivaraM* aC St 
Andr««n. ft Aadtwm. Hta KYI* MT. 



THE UNTVXBSITY Of HULL 
Department of Physics 

RESEARCH 

ASSISTANTSHIPS AND 

CASE STUDENTSHIP 

Two postdoctoral research assis- 
tant positions supported by SERC 
and a CASE studentship in col- 
lat>oration with Dr Skolnick at 
RSRE. Malvern are available for 
programmes mtmg «q|rtically de- 
tected magnetic renmance to study 
recombination proceasea in semi- 
conductors. One post invoIvlnK a 
study of amorphous semiconduc- 
tors is In ctdlaborattom with Pro- 
fessor AiuUii and Dr SMria of 
Sheffield University. The wont 
involves novel optical and micro- 
wave investigations of defect 
states in a wide range of materials 
and experience ia •pectroacopy 
or with saniicondnctors wmdd be 
valuable. 

For further information please 
contact Dr B. C. Cavenett at the 
Ph.vsics Department, University of 
Hull, North Humberside. Applica- 
tions including curriculum vitae 
and two referees before 10 Sep- 
tember. 



APPOINTMENTS 
WANTED 



PHYSICAL SCIENTIST (26) 

seeks employment. BSc (environ- 
mental/physical chemistry), PhD 
shortly to be completed (meteor- 
ology/air pollution). Teaching ex- 
perience. Anything considered. 
Box No D68S. 



ANALTnCAL CTEMIST (26) 

MSc analytical chemistry, single, 

seek.s interesting position in 
environmental / earth sciences. 
Curriculum vitae available. Box 
No D«B2. 



PROGRAMMiat/ ANALYST 

Scientific/graphics Fortran special- 
ist. BSc in mathematics (first dass 
hons) wide industrial enierience 
in statistics/OR. Free aRer Sep- 
tember. Box No Dfi83. 



LADY ZOOLOGY GRADUATE 

(25). qualified teacher, seeks pub- 
lishing/editorial work. Box No 
D684. 



BOOKS AND 
PUBLICATIONS 



BOOKS ON ALL SITHJECTS 

bought and sold by Hay-on-Wye's 
largest second-hand bookshop. We 
especially require books ot a 
scientific nature for our expand- 
ing science and technology section. 
The Hay Cinema Bookshop, 
Castle Street. Hay on Wye. via 
Hereford. Tel: Hay on Wye T049T) 
820071. 



LECTURES,MEETINGS 
ANBOOtJBSES 



MICROBIOLOGY 

Microbiology Course leading to a 
Technician Educsdoa Coancil (TIC) 
tingle subject *w«H. Oa* slkaniODn ar 
evening per week (or e«« or two yean. 
Science Pepartm— ^ Hatmslew 
Boreugii Coll«f% Jatoli Head. 
IMwMrtlit PfSd^Ba M^Ml CMC 



EDUCATIONAL 



WHY STUDY IN USA? 

Now you can study for good 
American university degrees 
through correspondence study 
without leaving your own CSOUntry. 
Write to: Mr K. WongsO, PO Box 
!I4. Medan, Indonesia. 



University of Manchester 

NUCLEAR POWER 
TRJMSNRTANB WASTE 

A review programme of U days, with 
emphasis on Public Health, held in 
Manchester every alternate month in 
IM9. Ceiins la* £4S. Presented also 
St odMT cancrss by arrangement. 

OiiaM tnctams rntf dsMs Itam: Mhs N. 
MI3 m. Tai: MI.273 3399. 



FOR SALE 



QUANTITATIVE 
TELEVISION MICROSCOPE 

Universal model in good work- 
ing order with many accessories. 

Would make good demonstawtiaa 

microscope. For details Write to 

Hox No D681. 



MRC CLINICAL RESBARCH CINTM 
INORTHWICK PARK HOmTAL) 
WATFORD ROAD 
HARROW, HIDOX 
HAI lUJ 

RCCA/CASE 

RESEARCH STUDENTSHIP 

Applications are invited (or a Joint SERC Studenuhlp between the Division 
of Clinical Cell Biology. MRC Clinical Reactrth Centre, Harrow. Middlesex, 
and Cell Tech Ltd. Stough. 

Research propoeale include Isolation of nwnedenal antibediei to lympheote 
suffMS aaimaas and dMir «• In dn aiainoiis of tynvhoqrta dinrdart sad in 
stadias of tha rola of ttiasa aiuymai In lymphocin* phyttelety. 

Further details and application forms from tha Nneonal OMcar, quoting 
Reference I04/S/CA$E. Clinical Research Centre, WSliard Road. Harrow, 
Middlesex. Cleeing date 31 August. 1982. 



BRITISH COUNCIL MEDICAL COURSES 

THE LYMPHOCYTE 

2) jMMnM Mtmut IM) ki 



This course aims to familiarise participants with the latest advances in 
Britain in the immunology of the lymphocyte and to update their 
knowledge of current concepts of the role of the lymphocyte In adaptive 
immunological processes. 

The Directors of Studies will be PROFESSOR I. M. ROITT and DR P. M. 
LYDYARO or the Middlet«K HoipiMl Medical School. London. The 
eoune is aimed at postgradyaM* who are bboratary investigators or 
diniciaiis with M years' axperience in bnammolaiy or allied Holds. 
fm tU5 (Rasidontial). OTS (NoiMvaidontlal). 



MEDIUL IMMUNOLOGY: RECENT ADVANCES 

I3-2S Mwcb IMS in I 



This course Is expected to interest senior immunologists. micro- 
biologists, pathologists, epidemiologists and clinical specialists with 
established experience in the diacnosis, managamant and control of 
immunoloficalty-baMd dimM ill piwdiatric and adult dinical pnaetice. 
It will aim to consider «h« cKntal impaetof recant advances In melaailar 
and cellular imnuMolanr npon tiw understanding of immunological 
disease precaitat. on immunodiagnosis, treatment, and immunopropkr- 
laxis. 

The Director of Studies will be PROFESSOR D. C. DUMONDE ot the 
Department of Innumology, St Thomas's Hospital Medical School, 
University of London. 

The course is intended for senior immunologists, microbiologists, 
pathologists, epidemiologists and clinical specialists with estabiislied 
experience in the diagnosis, management and control of tmmunologicaliy- 
bssed disaise in paadiatric and adult clinical practice. 

Pao Un (Was ld antlnl). MS (Moii realdoat M ). 
Furthar 



your 
Irotn 

LoMdoiiWiY 



id n yp l lcrt l oiis forms can bo obtainod from 
Ovarsoaa Waprasaat a tlv of Tho Britlah Council, or 
D ii ji ii l iiiaw l. The IrWab Council. 4$ Daviaa ttraat. 




A Research Career in Biology 

A 4 year sandwich dcgraa lor tladsMs with 'A' level Biology plus Physics 
Chemistry, seeking a carssr in Weiaed k al en(ineering. radiation studies, 
molecular biology, cancer research— BSc Biophysical Science. 

Statistics and Computing for 
Graduate* Biologists 

• or equivalent. 

A series of I term/i day modules which may be taken independently or. with 
a project, leading to Poetgrarfnate Diplema in Biometry. 

Enquiries (or both counts to: Faeulcr of Science Registrar. North East 
London PMyiachnic. Romferd Read. London EIS 4LZ. Tal; OI-SM 7722 ax 4211. 
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'C'EARLESSLY striking out at a seminar 
organised by the Advertising Asso- 
ciation, the Director General of Fair 
Trading, Sir Gordon Borrie, said he 
thought the ethics of suppliers offering 
incentives or inducements to individual 
members of a company's purchasing staff 
with a view to increasing their sales 
were highly dubious. He added that the 
employees to whom the incentives were 
offered had the responsibility either for 
ordering goods or services themselves 
or for making sufficiently strong recom- 
mendations to influence the course of 
the purchasing decision. And words, 
words, words to that effect, showing a 
good grasp of pompous language guaran- 
teed to obscure meaning, weaken argu- 
ment and bore the behinds off his 
audience — if it had been a normal one. 

He was talking about bribery, chaps. 
Or should I say the thrust of his address 
was anti-acceptance of offered induce- 
ment for personal gain? □ 

•T^YPICAL, I thought, of my ignorance 
-■■ of what goes on in the world. I had 
missed the item, which must have been 
in all the papers, that Sir Harold had 
upsticked and abandoned his favourite 
spot in the UK. It was a headline on a 
release from the Ministry of Agriculture. 
It Sciid, "Isles of Scilly: Designation as 
a less favoured area". Agog, I read on to 
find that the SCAS of the EEC has made 
the Decison (capital letter and all) to 
make the Isles an LFA. But it became 
confusingly clear that a less favoured 
area is, as you might expect knowing the 
EEC, a more favoured area because it is 
less, if you follow me. Get your area 
Designated as an LFA and you qualify 
for grants for agricultural activities, for 
a start, and headage payments for ex- 
ample. So you see that all is not what it 
may seem. So appropriately, on to the 
Financial Times, a newspaper of impres- 
sive achievement and inside knowledge. 
How much inside may be revealed by pub- 
licity it is circulating about its diary for 
1983, order now to avoid disappointment 
and all that. It spurns ordinary diaries, 
which, says the FT, you v«ll be using 
less and less as the year grcnvs longer. 
There must be a direct line to Higher 
Authority somewhere in Bracken House, 
but I think it is scandalous not to have 
passed this astronomical news on before 
now and to disclose it in this furtive 
manner a bit on the disgraceful side. □ 

TJAVING read all the stories about 
Opren with a mixture of horror and 
rue, I came out the other end about 
where I started, opinion-wise as adver- 
tising agents tended to say. They, of 
course, have played rather a large part 
in getting Opren where it is today. 

My opinion may be considered a bit 
simple, or even rough, but it is based 
on long experience of watching, with tor- 
ment, the progress of arthritis in suf- 
ferers who were too dear to me for my 
attitude to be entirely objective. 




I do not want to tread on any medical 
toes and I know that devoted researchers 
are trying to crack the mystery of the 
disease. I have known that, from close 
quarters for twenty years. During that 
time I have been alternately optimistic 
and gloomy as one alleged advance after 
another turned out to be nothing of the 
kind. That does not mean I blame any- 
one for not finding the key to the puzzle. 
I am not so sure about those who adver- 
tise drugs, with pictures, for instance, of 
crippled people before and relatively lis- 
som people after being put on a course 
of the latest anti-arthritis molecule. 

At last, my opinion. Keep off drugs as 
much as you can, if you have rheu- 
matism. If you have to take pain killers, 
there is nothing better than aspirin. □ 

'X'WO developments have caught my 
■■• eye recently that are worth a toast 
or two, in my opinion. The first is that 
salmon are back in the Thames. After 
introducing thousands of fry into the 
river since 1979 the Thames Water 
Authority is celebrating the return of 
mature fish. It has caught some by 
a stunning technique and, even as I write 
(it is pleasant to be able to use a Vic- 
torian phrase every now and then) an 
angler claims to have caught a salmon 
by rod and line, though he is not sure 
it is a salmon, oddly enough. If it is, he 
gets a prize 

The clean-up of the Thames, which is 
responsible for the salmons' come-back, 
is remarkable and has not had the cheers 
and airborne hats that it deserves. Even 
speech makers have not brought out the 
hard to dodge cliche that apprentices 
once sent in a petition to Parliament, 
grumbling about having to eat so much 
salmon in their weekly diet. That was 
in the 18th century, I think. 

The other development is also, I admit, 
concerned with the table. English wine, 
up to now, has all been white and though 
some of it, according to my limited ex- 
perience, is not bad, none of it is memor- 



able. It goes down with a mental cry of 
"Fancy, English wine! Well, well, just 
think of wine grown here," and so on to 
improve its impact. Now I read, a grower 
near Reading has planted Pinot Noir 
vines and is having a go at producing 
red wine in this country. 

I have drunk German red wine which 
was undistinguished, so I have no great 
hopes about the English. Food and wine 
conservatives should now read some- 
thing else. The news about the salmon 
and the red wine struck me as note- 
worthy because I like red wine with sal- 
mon. People have been ostracised from 
society for less. □ 

■pOLITICS, particularly in a democracy, 
is a branch of the live theatre. Con- 
frontation, victory and defeat, cliff-hang- 
ing suspense, treachery, backsliding and 
conversion, all are there. This is a great 
drawback. Even the most dedicated par- 
ticipant must sometimes become aware 
that party loyalty or past rhetoric has 
committed him to some manifest absur- 
dity. So in the cause of rational govern- 
ment, Daedalus is planning to introduce 
into politics the "Delphi" technique used 
for technological forecasting. Each ex- 
pert in a group is asked to guess, for 
instance, when a development will occur, 
or how much it might cost. The resulting 
list (devoid of authors' names) is then 
shown to all the experts, possibly in the 
form of a statistical distribution. They 
are then invited to make a second guess 
in the light of the first and, if they wish, 
to defend it by argument. The refined 
guesses and arguments are again pre- 
sented anonymously to the group. Thus 
the drama of confrontation is defused. 
Nolwdy is publicly committed to a posi- 
tion; nobody feels obliged to defend 
absurdities or face a humiliating climb- 
down. It is astonishing how rapidly a 
balanced consensus emerges. 

So Daedalus is devising a computer- 
ised version of the technique for Parlia- 
mentary, Trade Union and Party Con- 
gress use. Each member has a terminal, 
feeding a central computer which con- 
trols a big public display. The usual 
speeches, the impassioned oratory and 
indignant denunciation, will still go on, 
for political instinct must be served, but 
between them the real private beliefs of 
the members will be publicly displayed 
as distributions, voting patterns, or 
pooled estimates of probability. The re- 
sulting decisions may still be quite 
wrong, of course, but they will be saved 
from several forms of political silliness. 
The technology will force the evolution 
of new procedures, and Daedalus cannot 
entirely foresee what a computer-demo- 
cratic meeting will be like. But it is 
bound to be an improvement on inter- 
party or employer-union confrontation. 
In the coming "wired society", with 
everyone linked to a central broadcast- 
ing computer by two-way cables, it could 
restore the ancient Greek democratic 
ideal. □ 
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The most popular 
phenomenon in science 

is an Eclipse 




In the world of science, the best selling class 
of computers is that of 1 6-bits. And in the world 
of high performance 1 6-bit computers, our 
ECLIPSE® S/1 30, S/140 and S/250 computers are 
the most popular in science and engineering. 

You see, the people who build tneir systems 
and applications around our ECLIPSE computers 
not only recognize a computer with outstanding 
price/performance ratio. They also recognize 
what the high technology community needs. 

For example, the rich, extensive micro- 
programmed ECLIPSE instruction set that lets pro- 
grammers approach applications virtually any 
way they want 

The large capacity interleaved memory 
systems that are coupled with Error Checking 
and Correction to make memory access both 
rapid and reliable. (Two attributes not normally 
associated with each other.) 

The ECLIPSE family gives you all sorts of 
choices, if you need speed and flexibility, the S/1 30 
has an optional Writable Control Store. If you need 
cost effective, high speed throughput, the S/140 
has an optional Burst Multiplexor Channel. If you 
need expandability, the S/250 lets you grow to 
2 MB and add an Integral Array Processor. 



ECUPSE'is a registered trademark of Data General Corporation. © Data Gencr.il Ctitiioiation 1')H1 
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As well as our own fast, efficient, reliable 
operating system (RDOS). Our highly functional, 
user-friendly, multiprogramming operating 
system, (AOS). AncI a full range of computational 
languages: FORTRAN, BASIC, PASCAL, PL/I, DG/L 
(our systems programming language), and a 
complete set of programmer productivity aids. 

And of course, the ECLIPSE peripherals. 
The/re all here. Ready to go. 

All of which means there is an ECLIPSE which 
has everything you need for everything you want 
to do. In the medical instrumentation, process 
control, computer-aided design, aulomatt>d lest 
equipment, communications or what-have-you. 

Of course, all this capability would be for 
naught were it not for one characteristic of all 
ECLIPSE computers: you can get them up and 
running in a hurry. 

For more information about ECLIPSE scientific 
computers write to: 

Data General Limited, Hounslow House, 
724-734 London Road, Hounslow, Middlesex 
TW3 1 PD. Tel:01-572 7455. Or better 
yet, call your local Data General Sales Office. 

And see what all your colleagues (and 
competitors) have been seeing in an ECLIPSE. 

iw Data General 
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The newHP5180A 

The 10 MHz beat frequency tcsi, on the HP 5108A 
shows excellent dynamic performance due to the 
ultra-fast ICs in its Sample/Hold and ADC hybrids. 
Now you can see the whole picture! For more about 
dynamic testing of ADCs, ask for HP Product Note 
5i80-2. 
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Competitive digitizer 
[n identical tests, this competitive digitizer shows 
arge differential non-linearities and numerous 
missing codes due to rise time, settling time and 
slew rate limitations in its ADC. These errors limit 
vour ability to see the real signal. 



HP's new 5180AWaveform Recorder 
gives you the 

whole picture. 



Conventional waveform recorders have 
difiiculty capturing and accurately re- 
producing rapidly changing signals. Now, 
HP has solved this dilemma with advanced 
Analog-to-Digital Converter technology 
supported by a new hybrid circuit design. 
The result: the new HP 5180A Waveform 
Recorder for bench and systems use. 

The HP 5180A is an extremely precise, time-domain 
measuring instrument that samples and digitizes both 
single-shot and repetitive input signals, and stores them in a 
segmentahle 16K word high-speed memory. Its 10-bit resolution 
■ (60 dB dynamic range and 20 MHz sampling rate give you 
new confidence in accurately digitizing a wide range of analog 
waveforms with frequency components up to 10 MHz. 

New ADC technology dramatically improves 
'dynamic performance'. 

At the heart of the HP tIHOA's high-performance A to D 
Converter arc four extraordinarily fast monolithic ICs specially 
developed by HP. They include: 

• a 4-bit flash converter that digitizes at clock rates faster 
than 350 MHz; 

• a high-speed op amp with a closed loop full power band- 
width of 150 MHz than can drive 50 Ohm loads; 

• a high-speed sample gate using Schottky barrier diodes 
with a junction capacitance of only IpF at 0\'; 

• a DAC that settles to 10 bits in less than 4 ns. 

In addition, we developed four dynamic specifications that 
monitor system performance under operating conditions. 

Superior triggering and exceptional convenience. 

The HP 5180A's digital trigger provides new confidence in the 
trigger point: drift-free, reliable triggering; user-selectable 
hysteresis for noise reduction; bi-trigger mode to capture 
elusive transients; pre-trigger recording from 0" o to 100" o; 




post-trigger delays to over one W 
million sample intervals; and visual feedback on external 
CRT or oscilloscope. 

For added test convenience and improved productivity, 
you can store up to five front panel set-ups for frequently made 
measurements. .-Vnd the 5180A provides completely annotated, 
report-quality hard copy output on any HP-GL compatible 
digital plotter. 

The new HP 5180A: better dynamic performance than any 
waveform recorder in its class, because it s designed to HP's 
standards for quality and value. 

For complete details, use the coupon today! 

Hewlett-Packard Limited, \Xlnnersh, Wokingham, Berks., 
RGll 5AR.Tel: Wokingham ,0734 784 7 74. 

^nd to Hewlett-Packard Ltd, Wmnersh, Wokingham, B<.-rks.,RGll 5.^^ 
I HP5180A Waveform Recorder 
id Please send mc details. 
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When performance must be measured by results. 



